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Original Communications 


POSTOPERATIVE COURSE FOLLOWING TOTAL RIGHT HEPATIC 
LOBECTOMY 
Appot H. IsuAmi, M.D., Grorce T. Pack, M.D., THkoporE R. MILLER, M.D., 
PARKER VANAMEE, M.D., HENry T. RANDALL, M.D., AND 
KATHLEEN EK. Roperts, M.D., New York, N. Y. 
(From the Departments of Surgery and Medicine, Memorial Cancer Center and the Andre and 
Bella Meyer Physiology Laboratories, Sloan-Kettering Institute) 


pork patients with malignant tumors involving the liver have been subjected 


to total right hepatic lobectomy according to the method described by Pack 
and associates.'> The amount of liver removed in these patients was estimated 
at 70 to 80 per cent. The postoperative course in these patients was essentially 
benign and the patients were sufficiently well both clinically and biochemically 
as to warrant discharge within one month of their surgery. The sequential 
alterations in plasma chemistries and the clinical course of these patients are 
reported here for the purpose of illustrating the postoperative course following 
subtotal hepatectomy. 

Tables I to IV show the plasma biochemical alterations following surgery 
in the patients reported here. As noted in these tables, there were alterations 
immediately after surgery in all liver function tests, indicative of parenchy- 
matous as well as obstructive damage. Serum bilirubin increased in all patients 
during the postoperative interval and returned to normal values within three 
weeks in three of the patients studied. The increased portal congestion of the 
remaining left lobe (18 to 20 per cent of original liver) immediately following 
removal of the right lobe is sufficient by extrinsic pressure temporarily to 
occlude the intrahepatic ducts, therefore transient jaundice is the rule. Simi- 
larly, eephalin flocculation and thymol turbidity increased in two patients 
following surgery; the remaining two patients had abnormal cephalin floceula- 
tion and thymol turbidity previous to surgery. Of considerable interest was 


: This investigation was supported in part by research grant # C-2027 from the National 
Cancer Institute of the National Institutes of Health, Public Health Service. 


Received for publication June 23, 1955. 
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the patient H. M. who showed an immediate decrease in alkaline phosphates 
eephalin flocculation, and thymol turbidity following removal of his tumor. 

Prothrombin time was never abnormal in the two patients in whom it 
was measured, although a slight rise was noted. Furthermore, none of thy 
patients showed any clinical evidence of abnormal bleeding during their re 
cuperative interval. 

Protein.—All of the patients showed a profound postsurgical decrease ii 
total plasma protein. This decrease was evident in both the albumin and 
globulin fraction and occurred despite large amounts of intravenous plasm: 













and albumin.* 

Plasma Electrolytes—Three of the patients showed a slight decrease in 
plasma sodium and phosphate postoperatively. However, the remaining electro 
lytes were not unusual. Carbon dioxide and pII were normal in all patients 
previous to and throughout the postoperative interval. 








TABLE V. 








| BLOODAMMONIA _is TOTAL 





















































| 8/C.c. | RATEOF NH, 
| PREINFUSION | POSTINFUSION | INFUSION GIVEN ECG 
Dog X5; 05 105  1meq/min. 60 Elevation of 
Control; Liver intact T wave 
Dog X21; 06° £125 1 meq/min. 120 Peaking of 
Control; Liver intact; T wave 
Dog X76; ~~ Ol 13.6 7 1 meq ‘min. 120 Elevation of 
24 hrs. after 70 per cent T wave 
hepatectomy 
Dog X56; 0.5 7 13.8 1 meq/min. 60 Peaking of 
immediately after 70 T wave 
per cent hepatectomy 
Dog X5; 05 33 0CC 1 meq/min. 60 Inversion and 
24 hrs. after 70 per cent peaking of 






T wave 







hepatectomy 





Blood Ammonia.—Worthy of note was the finding that three of the patients 
studied maintained a normal blood ammonia level despite removal of 70 to 
80 per cent of the liver. In these patients there was also a decrease in blood 
urea nitrogen. Although one patient, L. S., received as much as 1,000 c.c. of 
Amigen daily, no alteration in blood ammonia was noted. To elucidate quanti- 
tatively whether ammonia detoxication was impaired following subtotal hepa- 
tectomy a series of experiments was carried out on dogs in whom 70 per cent 
of the liver had been surgically removed. Following surgery, these animals 
were then given ammonium acetate intravenously to determine their ammonia 
tolerance. The results of these studies are shown in Table V. Since preliminary 
studies had shown that ammonium acetate infusion in dogs resulted in eleetro- 
eardiographie changes similar to those occurring in hyperkalemia, we have 
utilized these changes as an index of early toxicity.‘ As noted here, the 
hepatectomized anesthetized animals were capable of tolerating 60 to 120 mg 

















*Patient L. L. required 4,000 c.c. of plasma and 50 gm. of albumin between the first 
and tenth postoperative days to maintain plasma protein levels at the values shown here. 
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of ammonium acetate infused over a one to two hour interval and did not differ 
from normal anesthetized dogs in this respect.* From these studies, it was 
apparent that detoxification of ammonia in the amounts used here was not 
impaired. Tentatively then we have postulated that ammonium toxicity need 
not occur in dogs nor in patients if 20 to 30 per cent of functioning liver 
tissue remains. 

Miscellany.—Vitamin A levels were measured in two patients and found 
to be within normal limits following partial hepatectomy. 

Serum transaminase was slightly elevated postsurgically in all patients 
studied. However, the significance of this elevation is clouded by the obser- 
vation that transaminase levels increase in all patients postsurgically possibly 
as a result of muscle injury and tissue breakdown. 


CASE REPORTS 

Case 1.—L. L., a 53-year-old white housewife, was admitted with chief complaint of 
right upper quadrant pain and 27 pounds weight loss. Physical examination at this time 
was unremarkable except for evidence of recent weight loss. A gall-bladder series revealed 
a nonfunctioning gall bladder and on March 25, 1955, a cholecystectomy was performed. 
Pathologically this was revealed to be infiltrating adenocarcinoma of the gall bladder. 
On March 28 patient was re-explored and a total right hepatic lobectomy performed by 
Doctor Richard Brasfield in anticipation of hepatic metastasis. The postoperative interval 
was uncomplicated and the patient was discharged on April 20. She is now living and well. 


Case 2.—L. 8., a 38-year-old white housewife, was admitted with the chief complaint 
of a mass in the right upper quadrant and intermittent fever. Physical examination revealed 
a nodular mass in the right upper quadrant which was in the region of the liver. Barium 
enema showed a partial obstruction in the mid-portion of the sigmoid. On Oct. 25, 1954, an 
exploratory laparotomy was performed and an annular constricting lesion of the sigmoid 
and a tumor involving the entire right lobe of the liver was found. The sigmoid was resected 
at this time and a bilateral oophorectomy performed. The pathological report was adeno- 
carcinoma, Grade III. On November 10 the patient was re-explored and a right hepatic 
lobectomy performed. The pathologic report of the tumor mass in the liver was metastatic 
adenocarcinoma. Postoperatively, the patient’s recuperative course was uneventful and the 
patient was discharged November 28. She has no evidence of recurrence. She has com- 
pensatory enlargement of the left hepatic lobe. 

Case 3.—K. E., a 51-year-old white female secretary, had a cholecystectomy performed 
for cancer of the gall bladder prior to admission at Memorial Hospital. A recurrence 
of the tumor had been treated by x-ray with some regression in the size of the recurrent 
tumor mass. Physical examination on admission revealed a palpable, firm, nodular mass 
in the right upper quadrant. The patient was explored on Aug. 23, 1954, and a resection 
of the entire right lobe of the liver as well as nodules in the left lobe of the liver and 
an abdominal wall implant was performed. The pathologic report at this time was metastatic 
adenocarcinoma accompanied by acute inflammation. The patient had an uneventful post- 
operative course and was discharged September 17. This patient remains in excellent health 
one year later. 

Case 4.—H. M., a 40-year-old white man, was admitted to Memorial Hospital with the 
chief complaint of heavy feeling in the right chest and upper abdomen, intermittent fever, 
anorexia, and night sweats. Physical examination revealed a large mass in the right upper 

*It has been shown that ammonium infusion into unanesthetized animals results_ in 


respiratory alkalosis and tolerance to the ammonium infusion is much less. In these studies 
anesthetized animals were used to eliminate the complication of respiratory alkalosis. 
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\pril, 195 
quadrant which was believed to involve the liver. The patient was explored on Dee. 1: 
1952, and a tumor mass was found to involve the entire right lobe of the liver. A tot: 
right hepatic lobectomy was performed. The tumor was subsequently diagnosed as spind! 
cell sarcoma. At a later date the patient’s complaint of lumbar pain prompted re-exploratioi 
at another hospital. Pathologic consideration at this time revealed spindle cell sarcoma ir 
volving the lumbar spine. Re-exploration at Memorial Hospital on Dec. 1, 1954, f 
implantation of radon seeds in the lumbar region showed that the left lobe of the live 
had completely regenerated and biopsy revealed normal hepatic architecture. This patien 
six months later was cachectic due to osseous and retroperitoneal metastases more than tw 
and one-half years since the original total right hepatic lobectomy. 


SUMMARY AND CONCLUSIONS 


The postoperative course of four patients following partial hepatectom) 
has been presented. Abnormalities in liver function tests were evident in al! 
the patients reported. Plasma electrolyte changes were unremarkable.  Clini- 
cally the postoperative course in these four patients was uneventful. Blood 
ammonia levels were not significantly elevated postoperatively. Ammonium 
tolerance tests were normal in dogs following removal of 70 per cent of the 


liver, 
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THE USE OF POLYETHYLENE GLYCOL OINTMENT IN 
BURNS TREATED BY EXPOSURE 


CHARLES A. MacGrecor, M.D., ANp RoNALD R. PristerR, M.D., DENVER, CoLo. 


(From the Department of Surgery, University of Colorado School of Medicine, and the 
Denver General Hospital) 


HE care of the burn wound plays a prominent part in therapy for the 

burned patient. The ideal therapy has not yet been achieved. The immedi- 
ate goal of such therapy is to effeet complete autologous epithelization of 
the wound as rapidly as possible, and while so doing to protect the patient 
from invasive infection. The solution to this problem is complex and difficult. 
art of the difficulty lies in the fact that we hope to find a substitute for the 
skin which has been lost without knowing all the functions that this sub- 
stitute should perform. Some of the known eriteria for such a substitute are 
as foliows: 


1. It must minimize infection. 

2. It must be nonirritating locally and nontoxie systemically. 
3. It must not interfere with epithelization. 
4 


. It must avoid maceration. 
5. It must be economical. 
6. It should avoid multiple dressing changes with their attendant trauma and 
risk of anesthesia. 
. It should act as a débriding agent. 
. Sterile precautions should be unnecessary. 
. It should be useful under varying climatie conditions. 
. Refrigeration of the agent should be unnecessary. This would facilitate 
stockpiling. 
. It should be easily applied. 
. It should keep the eschar soft, thus allowing motion without cracking. 
13. It should minimize pain. 
14. It should be easily adaptable to mass casualties in the event of military or 
civilian disaster. 
15. It should allow easy transportation of the patients without hiding the 


wound. 


These criteria make it clear why many agents have been tried in the past 
and have been found unsatisfactory. Several of the better known agents and 
their objections are as follows: 

. Picrie acid: systemic poison.5 
2. Tannie acid: hepatotoxin!4 and poor local drainage.’ 
3. Borie acid: systemic boron poisoning.4, 11 
. Hot paraffin with B-napthol: poor local drainage and systemic poisoning.1° 
. Gentian violet: tough eschar prevents local drainage of pus.! 
ji. Petroleum jelly: maceration; promotes infection by preventing drainage.15 
. Plastic sprays: prevent local drainage and are painful in application.’ 


Received for publication July 14, 1955. 
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Nontoxie, water-soluble ointments are relatively new in the treatment 
of burns. Water-miscible ointments together with a wetting agent and py 
ruvie acid have been advoeated by Harvey.® Polyethylene glycol, related com 
pounds, and K-Y jelly have been used rather successfully with pyruvie acid’ 
or with antibacterial agents.” ® 1? It is our belief that some of the water-solu 
ble ointments can, with the addition of secondary agents such as antibiotics 
and débriding agents, fulfill many of these criteria for an ideal burn ointment 

Throughout the past two years we have treated a series of patients by the 
application of an ointment to exposed burns. This ointment* consists of a 
water-soluble base to which has been added antibiotics, fungicides, and a 
débriding agent. Polyethylene glycol compoundst constitute the main vehicle. 

The ointment is applied generously to the wound after the systemic needs 
of the newly admitted patient have been satisfied. It is applied either with 
the gloved hand or by a commercially available dough extruder. The latter 
cooking utensil is very satisfactory, especially in children, since it extrudes 
a ribbon of ointment which is thus applied atraumatically. The ointment 
should be reapplied as often as is necessary to keep the eschars soft. This may 
require application at four- to six-hour intervals, depending upon the tem- 
perature of the environment. The melting point of the ointment may be raised 
or lowered by increasing or decreasing the concentration of the polyethylene 
elyeol (molecular weight 4,000). 

The ointment may be kept (covered) at the bedside without refrigera- 
tion. Since it contains no water the antibiotics do not deteriorate. 

When the eschar is soft, pliable, and nearly transparent, the edges sep- 
arate with ingrowth of epithelium and the ease of débridement will be ob- 
vious. If approximately 50 per cent of a given area, such as an arm, leg, or 
torso, can be débrided at the bedside with only minimal discomfort, the area 
should be started on continuous wet soaks of 1:1,000 Zephiran in Ringer’s 
lactate solution. After twelve to twenty-four hours of soaking, the patient’s 
wound is débrided, cleansed with Ringer’s solution (without Zephiran), and 
grafted under general anesthesia. The grafts may be treated by moist pres- 
sure dressings. There is usually surprisingly little trauma such as hemor- 
rhage. The donor sites are covered with one layer of fine mesh gauze impreg- 
nated with the ointment. 


8 Water-soluble base: ___ (Per cent) 
. Polyethylene glycol (molecular weight 1,500) 
2. Polyethylene glycol (molecular weight 4,000) 
3. Glycerine 
. Propylene glycol 7 ae: : 
Total 100.0 








Complete formula: = 
1. Bacitracin 50,000 units 
2. Neomycin 0.5 Gm. 
3. Polymixin B sulfate 0.1 Gm. 
. Pyruvic acid 20.0 Gm. 
. Methyl p-hydroxybenzoate 1.33 Gm. 
3. Propyl p-hydroxybenzoate 0.33 Gm. 
. Water-soluble base q. s. ad. 1,000 Gm. 
The melting point of the complete formula is 40.0° C. and the pH is 3.7. 
+Polyethylene glycol compounds are condensation polymers of ethylene oxide and wate! 
represented by the formula HOCH2(CH20CH:2)n CH2OH where n varies from 7 to 9. The 
compounds used in the present studies were manufactured by Carbon and Carbide Chemicals, 
New York 17, N. Y., under the trade name “Carbowax.” 








—— POLYETHYLENE GLYCOL OINTMENT IN BURN TREATMENT 

Our experience with 24 patients is shown in Table I. 

These patients include all the burned patients admitted to the Denver 
General Hospital in the past eighteen months who have required skin grafting 
and who have been treated either entirely or predominately by exposure and 
polyethylene glycol ointment. Four additional cases (Cases 9, 10, 21, and 22) 
were seen at other hospitals, but the care was similar. Four patients with 
extensive fatal burns who died prior to grafting are also included. During 
these two years, there were an additional thirteen patients requiring hos- 
pitalization for their burns. These, however, were only second degree types 
and have not been included. 

Half of the patients were children. All burns were thermal in origin and 
the majority dry thermal. Over half were serious burns and required intra- 
venous therapy. Of the sixteen patients that required operative débridement, 
twelve were grafted at the same time. Complete débridement was possible 
at the bedside without anesthesia in four patients. The remaining four pa- 
tients died before débridement. The important point, however, is that in the 
majority of patients well over 50 per cent of débridement was accomplished at 
the bedside. 

Of the twenty who were grafted, thirteen were grafted between seven 
and twenty days following the day of their burns. Of the seven that were not 
grafted for more than three weeks after their burns, three (Cases 2, 12, and 
13) were delayed for reasons not related to the eschar. In the remaining four 
(Cases 1, 16, 17, and 18), the eschar did not separate for 22, 22, 24, and 27 
days, respectively. 

The percentage of successful skin grafting was satisfactory in the great 
majority of cases, including the one requiring homologous grafts. Follow-up 
observations of sixteen surviving patients from three to eighteen months after 
discharge revealed all of the donor sites to be normal. Fourteen of the six- 
teen patients followed showed keloid in the burn wound areas. This varied 
from 15 per cent to 90 per cent with an average of approximately 30 per cent 
(Table IT). 

Of the thirteen patients who required only one graft, eleven were dis- 
charged healed in approximately six weeks or less. The other two were de- 
layed by infection. Of the six surviving patients requiring two or more grafts 
all were discharged in approximately two months or less except one. In one 
case (No. 2), the figure 47 (Table I) refers to the days required for complete 
healing rather than hospitalization since the patient was a hemiplegic and re- 
mained in the hospital for reasons unrelated to the burns. 

Of the thirteen cases cultured, eight were positive. This, however, is of 
little significance unless qualified as to the presence or absence of gross pus. 
Actually only five of the twenty-four patients had infections that significantly 
influenced their progress. One of these (Case 13) developed B. pyocyaneous 
infeetion while on several days of saline soaks awaiting skin grafting. More 
significant is the fact that there were five negative cultures and that in an 
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additional eleven patients cultures were considered unnecessary by the staff. 
One of the most satisfactory benefits from this mode of therapy was the rela 
tive freedom from serious infection. It was a common occurrence upon re 
moving the eschar to find clean, granulating tissue beneath without pockets 
of pus. This was all the more unusual since sterile precautions were not ob 
served in the care of these patients. 


TABLE II. FOLLOW-UP OBSERVATIONS 








DURATION OF 
CASE NUMBER FOLLOW-UP DONOR AREAS | BURNED AREAS 
18 Months Normal 50 per cent keloid 
17 Months Normal No keloid 
16 Months Normal 10 per cent keloid 
15 Months Normal 50 per cent keloid 
15 Months Normal 10 per cent keloid 
14 Months Normal 10 per cent keloid 
Lost to follow-up 
12 Months Normal 10 per cent keloid 
6 Months Normal 10 per cent keloid 
3 Months Normal 5 per cent keloid 
Dead 
7 Months Normal 90 per cent keloid 
6 Months Normal 50 per cent keloid 
Lost to follow-up 
Dead 
Lost to follow-up 
3 Months Normal 70 per cent keloid 
6 Months Normal 70 per cent keloid 
Dead 
12 Months Normal No keloid 
11 Months Normal 10 per cent keloid 
9 Months Normal 35 per cent keloid 
Dead 
24 Dead 





oho 


“1S Ci 





Of the twenty-four case results, fourteen were considered good. An addi- 
tional four were considered satisfactory. Six, including five who died, were 
considered unsatisfactory. Of the five who died, two were from pulmonary 
emboli, two from renal failure, and one from fluid and electrolyte imbalance. 
No death was related to the ointment or its components. Four of the five 
deaths occurred in patients with extensive, severe burns. The fifth oceurred 
in a boy with a 35 per cent body surface burn and was from a massive pul- 
monary embolus. An additional and outstanding feature in the progress of 
these patients was the surprisingly little wound care they required. Multiple 
trips to the operating room for change of dressing with the attendant preop- 


erative preparation, operative trauma, risk of anesthesia, and postoperative 
‘are commonly necessary in patients treated with petroleum jelly pressure 
dressings were strikingly minimal. This, together with the relative freedom 
from toxicity of significant infection, contributed greatly to the relativel) 
benign course commonly observed. Iever was either absent or minimal, Am- 
bulation, especially in children, was early and frequent in burns of small or 


medium extent. 
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DISCUSSION 


The purpose in reporting these data is to encourage the use by others of 
a water-soluble ointment in the treatment of burns by exposure. These data 
are submitted for analysis to lend support to such encouragement. It is fully 
realized that a given mode of burn therapy is difficult to evaluate in view of 
the large number of variables present in the care of a given series. However, 
the net result of the present series has for the given reasons been so satisfac- 
tory to us that it has been considered worthy of report. A more critical evalu- 
ation of this ointment could be obtained in the future by using control areas 
such as a leg or an arm with burns similar in extent and severity in the same 
patient for comparison. The control areas might be treated by petroleum jelly 
pressure dressing or by exposure therapy without ointment. Comparison with 
burns treated by exposure would be of particular value since such therapy, as 
deseribed by Artz and associates,” fulfills many of the given criteria. In the 
present series it was elected to evaluate the general systemic response and the 
over-all results of this mode of therapy first. This preliminary report describes 
that effort. It is felt, however, that the next step in evaluation should consist 
of a eritical comparison with control regions in the same patient. 

If we evaluate the results of this type of therapy on the basis of the eri- 
teria listed for an ideal ointment, it is apparent that the value of the ointment 
as a débriding agent and as an analgesic is impossible to determine since there 
are no controls. The value under varying climatic conditions has not been de- 
termined. Whether or not this ointment would allow easy transportation of 


the patients without hiding the wound is difficult to state. Certainly the rela- 
tively benign course in spite of the lack of sterile precautions suggests that 
burns so protected by ointment might withstand the contamination of ordinary 
transportation. Aside from these criticisms, however, it appears that most of 
the demands of the criteria are satisfied under the conditions observed in this 


series. 


CONCLUSION 


An evaluation of experience with a water-soluble ointment in twenty-four 
patients with burns treated by exposure has been presented. The experience 
has been a gratifying one, and in our opinion warrants further use. 


The polymixin and bacitracin used in this study were generously supplied by the Pfizer 
Laboratories, Brooklyn, N. Y. 

Acknowledgment is made to Mr. Samuel H. Kohan, Chief Pharmacist, Denver General 
Hospital, for his helpful suggestions and preparation of the ointment. 
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FIBROSARCOMA OF THE RECTUM 
A REVIEW OF THE LITERATURE AND THE PRESENTATION OF Two ADDITIONAL CASES 
RAYMOND STOLLER, M.D., AND Jacos J. WEINSTEIN, M.D.,* WASHINGTON, D. C. 
(From the Department of Surgery, Garfield Memorial Hospital) 


DENOCARCINOMA of the rectum and sigmoid constitutes 12 per cent of 
all the malignant growths of the body and 80 per cent of all intestinal 
carcinoma. The frequency of malignancy in this area, which arises from glandu- 
lar tissue, is in distinet contrast to the infrequeney of malignancies arising from 
connective tissue. The literature indicates that from 0.5 to 1.0 per cent of all 
rectal malignancies are sarcomas.® Therefore, of every 242 sarcomas of the 
body, 1 would oceur in the rectal area, an incidence of but 0.4 per ecent.® 
Of the connective tissue sarcomas, fibrosarcoma is one of the rarest. Recent 
experience with 2 cases of fibrosarcoma of the rectum seen and treated at the 
(iarfield Memorial Hospital in Washington, D. C., has led us to review the litera- 
ture and report our findings. We hope that this review will alert others to 
look for this rare lesion and will help to elarify the diagnosis and the present 
method of treatment. 
REVIEW OF THE LITERATURE 
In 1927, Weeks"! wrote the first complete and important report on sarcomas 
of the rectum. He reviewed the literature, which included 100 eases of sarcoma 
of the rectum, and presented 1 case of fibrosarcoma of the rectum; it was the 
author’s opinion that only half the cases reviewed were sufficiently documented 
for acceptance. One is referred to this review for all pertinent history prior to 
1927. Also in 1927 Thompson'® of the Mayo Clinic reviewed all the eases of 
rectal malignancies at the Clinic and added 4 eases of fibrosarcoma of the rectum. 
Stimson’? in 1928 deseribed 2 cases of spindle-cell sarcoma (fibrosarcoma). 
Wright and Hall" in 1932 reported 1 case of fibrosarcoma of the rectum in a 
48-year-old man. In a paper on unusual lesions of the rectum published in 
1933, Kallet and Saltzstein® added 2 more eases of fibrosarcoma of the rectum 
to the literature. Two years later (1935), Chisholm, Hillkowitz, and Freshman? 
From the Khyushu University of Japan, Hashimoto* reported 
2 more eases of fibrosarcoma in 1937. Six years later (1943), Narasimhan‘ 
found and reported 1 case of this type of malignancy of the rectum after a 
review of all of the malignancies seen in the preceding six years at the Gen- 
eral Hospital in Maderia, India. Another single case of fibrosarcoma was pub- 
lished by Goldman and Marbury® in 1946. In the 1949 edition of Bacon’s book, 


deseribed 1 case. 


The assistance of Dr. Theodore Winship, from the Department of Pathology, Garfield 
Memorial Hospital, in supplying the pathologic descriptions and photomicrographs is gratefully 
acknowledged. 

Received for publication July 5, 1955. 


*Associate in Surgery, George Washington University School of Medicine. 
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Anus, Rectum, Sigmoid Colon, 3 eases of fibrosarcoma are mentioned; 1 of th« 
cases treated by proctosigmoidectomy with wide excision of the mass without 
colostomy was carefully presented, while two others were listed in a chart. I 
a publication in 1951 on unusual lesions of the rectum and anus seen at thi 
Ochsner Clinic in an eight-year period prior to June, 1950, Hines and Riddler 
found 2 eases of fibrosarcoma and briefly described 1 of them. The same yea 
saw a single case reported by Kleitsch and Sinow.* This was the last report 
found in the literature when we began our review of fibrosarcoma of the rectum 
in the latter part of 1954. 

In all, 21 cases of fibrosarcoma of the rectum were reported in the literature 
from 1927 through 1954. Adding the 2 cases presented here makes a total of 
23 fibrosarcomas of the rectum reported in the literature in twenty-eight years. 

Table I shows the eases of fibrosarcoma of the rectum reported in literature 
from 1927 through 1954. 
~— 


TABLE I. REPORTED CASES OF FIBROSARCOMA OF THE ReEcTUM FROM 1927 THROUGH 1954 

















AUTHOR NO. OF CASES YEAR REPORTED 
Weeks 1 1927 
Thompson + 1927 
Stimson 2 1928 
Wright and Hall ] 1932 
Kallet and Saltzstein 2 1933 
Chisholm, Hillkowitz, and Freshman l 1935 
Hashimoto 2 1937 
Narasimhan 1 1943 
Goldman and Marbury l 1946 
Bacon 3 1949 
Hines and Riddler 2 1951 
Kleitsch and Sinow 1 1951 
Stoller and Weinstein 2 1955 
Total Cases 23 on 





CASE REPORTS 

CASE 1.—N. Y., a 40-year-old Negro man, was admitted to the hospital on Oct. 28, 
1952, with a history of dark red blood with his bowel movements for the past eight to nine 
months. He was treated with Aureomycin in the Out-patient Department of the Garfield 
Memorial Hospital for two months prior to admission; there was some decrease in the degree 
of rectal bleeding. On admission to the hospital, he was thought to have an inflammatory 
process in the rectum. His weight on admission was 210 pounds and there had been no 
recent weight loss. Except for his present complaint, he had always been in relatively good 
health. Physical examination was essentially negative and the hemogram was within normal 
limits. 

On October 29 the patient was proctoscoped under caudal anesthesia. 
palpated at 10 em. on the posterior rectal wall within reach of the finger and there was a 


A mass was 


2 em. ulcerated area on the surface of the mass. Biopsies were taken. The pathologic report 
revealed a fibrosarcoma composed of irregularly arranged spindle-shaped cells with secondary 
inflammatory changes involving the muscularis of the rectum. 

On November 3 an abdominoperineal resection wes performed. At this time there was 
no evidence of involved nodes or liver metastasis. 

Pathological Description.— 

Gross: The specimen consisted of a 42 cm. segment of colon. 
interrupted at a point 6 em. from the anal orifice by a perforation leading down to a sinus 
tract 5 em. long. Extrinsic to the bowel wall was a mass 8 em. in its greatest diamete! 


The bowel mucosa was 
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which was attached to the bowel wall. On a section through the mucosa, the tumor was 
found to project to the muscularis. The cut surface of the tumor had a yellow-gray, whorled 
fibrous appearance. The remainder of the bowel wall was normal. 

Microscopic: There was a mass of spindle-shaped cells invading the wall of the rectum 
and, in one section, all layers but the mucosa were involved. In this area there was a 
heavy infiltration of inflammatory cells in the atrophic mucosa. The fibrocytes of the tumor 
grow in interlacing strands, and the cells were not clearly outlined. The nuclei were fusi- 
form with sharp ends, and there were many mitotic figures. Fourteen lymph nodes examined 


were found to be negative. 


Diagnosis.—The diagnosis was fibrosarcoma. 





Fig. 1.—Case 1. Fibrosarcoma of the rectum. This shows strands of well-differentiated 
fibrocytes which reveal considerable mitotic activity (hematoxylin and eosin X675; reduced %). 
Patient alive and well with no visible evidence of recurrence 27 months after a radical Miles 


resection. 


Postoperative Course and Follow-up Report.—The patient made an uneventful recovery 
following surgery and was discharged from the hospital on Nov. 28, 1952, to be followed 
in the Out-Patient Department. He was last seen in March, 1955, and was well with no 
evidence of local recurrence or distant metastasis. 


CasE 2.—W. W., a 61-year-old white man, was admitted to the hospital on Sept. 18, 
1953, with a history of feeling a lump in the anus for the past ten weeks. This sensation 
and minor bleeding were present with each bowel movement. His weight on admission was 
140 pounds and there had been no recent weight loss. Physical examination was essentially 
negative and the hemogram was within normal limits. Rectal examination revealed a glob- 
ular mass beneath the mucosa on the posterior wall, 2.5 em. from the anorectal line. 

On September 19 an incision was made in the perineum and a 2 inch globular mass 
was excised from beneath the superficial and deep anal sphincters. The mass was bluish 


gray, very friable, and adherent to the rectal wall. It ruptured easily during surgery, re- 
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vealing a homogeneous grayish material. The pathologic report described this as a low 
grade fibrosarcoma, composed of spindle-form cells, irregular in size and arrangement. 

On September 23 a combined abdominoperineal resection was performed. At the tim 
of surgery there were no involved nodes evident nor were there any signs of liver metastasis 

Pathological Description.— 

Gross: The specimen consisted of 2 pieces. 
measured 13 em. long by 9 cm. wide by 3 em. deep. 
necrotic, soft area measuring 2 em. The skin was attached to this area, as were the dee} 
and superficial connective tissue and fat. 


long by 6 em. wide by 2 em. deep. 


One piece contained the reetum whicl 
Just inside the reetum there was a 


The other specimen of bowel measured 23 em. 





2 of well-dif- 


ferentiated fibrous cells (hematoxylin and eosin X675; reduced 4). Patient alive and well 
with no visible evidence of recurrence 18 months after a radical Miles resection. 


Fig. 2.—Case 2. Fibrosarcoma of the rectum. Thick interlacing bands 





The tumor consisted of thick, interlacing strands of fibrous tissue which 
The closely packed cells were spindle-shaped with in 
One lymph 


Microscopic: 
infiltrated the adjacent structures. 
distinet outlines. The nuclei were fusiform and moderately hyperchromatic. 
node was present and was negative for malignancy. Mitosis was infrequent. 

Diagnosis.—The diagnosis was fibrosarcoma. 

Postoperative Course and Follow-up Reports.—The patient developed an ileus  post- 
operatively which responded to conservative measures and he was discharged from the hos 
pital on Oct. 9, 1953. He was seen in January, 1955, and was found to be free of any 
evidence of local recurrence or distant metastasis. 


DISTRIBUTION 


Sex.—The sex was described in 14 of the 23 reported cases: 12 patients were 
men and 2 were women, a ratio of 6 to 1. This is in contrast to the 2 to | 
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ratio of men to women with carcinoma of the rectum. The sex incidence re- 
ported herein seems to be significant and this same high incidence in men was 
noted in other reports. 

Age.—Variances between 17 and 79 years of age were reported in the’ 
14 cases containing this information, the average age being 50.7 years. Fibro- 
sarcoma of the rectum seems to have the same age incidence as adenocarcinoma. 
This, again, emphasizes the fact that rectal malignancy, whether it be of gland- 
ular or connective tissue origin, should be considered in patients 40 or more 
years of age having rectal symptoms. 

Race.—In the eases of fibrosarcoma of the rectum reported, the white race 
was predominant. 


PATHOLOGIC FEATURES 


Sarcomas of the rectum are described as highly vascular neoplasms aris- 
ing from the mesenchymal elements of the bowel wall and having a marked 
tendeney for early vascular metastasis. Bacon' used the following histologic 
classification for sarcomas of the rectum: (1) melanotie sarcoma, (2) fibro- 
sarcoma, and (3) lymphosarcoma; and he described the following cytologic 
classification: (1) leiomyosarcoma, (2) fibrosarcoma, (3) myosarcoma, (4) 
angiosarecoma, and (5) malignant lymphoma or reticulum sarcoma. 

It was the opinion of Kleitsch and Sinow’ that classifications are difficult 
and poor and that while detailed pathologie classification is necessary and of 
extreme interest, such detailed classifications cause confusion in elinical prac- 
tice. These authors go on to say, ‘‘A sarcoma represents a group of mesenchymal 
cells which have assumed the potentiality of primitive or embryonal mesenchyme. 
Such cells have the capacity of differentiating into any or several of the mature 
mesenchymal organs.’’ They also felt that the type of differentiation is of no 
clinical significance; the clinician is primarily interested in knowing whether 
the sarcoma is cellular or well differentiated, or whether the lesion is a lymphoma. 
Therefore, Kleitsch and Sinow’ offer a classification of rectal tumors in which 
each group represents tumors having the same pathology, the same prognosis, 
and the same type of treatment, which is as follows: (1) carcinoma (squamous, 
adenocarcinoma); (2) melanoma; (3) lymphoma (lymphosarcoma, Hodgkins, 
reticulum cell sarcoma); and (4) sarcoma (fibrosarcoma, myxosarcoma, neuro- 
sarcoma ). 

We are of the opinion that through eareful histologic study and classifica- 
tion of sarcomas of the rectum, and through application of these data to clinical 
survey and eare, the behavior pattern of these rare malignancies and the best 
method of treatment will be learned. 

Location.—In many of the reports the exact or even the approximate loca- 
tion of the lesion was not mentioned. However, in 14 reported cases and in the 
2 cases reported herein, lesions were located in the bowel wall. It is significant 
indeed that all of the lesions deseribed were within 10 em. (4 inches) of the 
anorectal line, and that they could all be felt by the examining finger. More 
than half of the lesions were just within the anorectal line and 1 of them actually 
prolapsed out of the anus. The low-lying position gives one of the earliest 
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clinical clues of fibrosarcoma, namely, difficulty with defecation. In 10 of th 
16 cases the lesions were found on the posterior wall and in 6 instances th 
anterior wall was involved. 

Gross Appearance.—The tumors were all single. They are generally firm 
round or ovoid, smooth masses covered with normal mucosa. One author’ di 
scribed a multinodular mass on the anterior rectal wall 2 em. from the anorecta 
line. Only 16 cases had much detailed information as to description of lesions 
Of these 16, 6 revealed hard masses, 3 showed ulceration, and 7 were polypoid 
in appearance. Of interest was the finding of more polypoid, soft masses on 
the anterior wall than on the posterior wall. Pedunculation was found in 3 
lesions. When ulceration was present it was much smaller than the mass itsel! 
and usually measured about 2 em. The ulceration was described as a soft 
eranulating surface, almost typical of a granulating wound. 

The size of these neoplasms varied from 2 to 10 em., but they were gen- 
erally small, from 2 to 5 em. 

In few instances was there much fixation of the tumor to the bowel wall or 
to the adjacent structures. This is probably a reflection of the slow local growth 
pattern of fibrosarcoma into the adjacent tissues and lymphatics. Character- 
istically, the small nodular mass which begins most frequently in the submucosal 
coat of the rectum is readily movable and free of the mucosa. When the mucosal 
coat is involved, ulceration follows and the mass then tends to overgrow and 
become soft, voluminous, and polypoid. 

Table II shows the location, size, and appearance of lesions in the 16 cases 
described in enough detail for evaluation. 


TABLE II. LOCATION, SIZE, AND APPEARANCE OF LESIONS IN SIXTEEN PATIENTS 











LOCATION | NO. | SIZE NO. | APPEARANCE NO. 
Posterior wall 10 2-5 em. 9 Firm; round or oval; 

5-10 em. 6 beneath mucosa 6 

Anterior wall 6 Over 10 em. 1 Soft polypoid 4 

Pedunculated soft polypoid 3 

Uleeration 3 





Microscopic Appearance.—The general arrangement of the tumor is charac- 
terized by strands of fibrous tissue of either dense or loose architecture which 
infiltrate the adjacent structures of the bowel wall but which tend to spare the 
mucosa until late in the disease. The cell groupings are close to the capillaries 
and smaller blood vessels. The capillaries may be surrounded by malignant cells. 
The vascularity of the tumor and the spread of the malignant cells through 
vascular channels is pathognomonic of the pathologie behavior of fibrosarcoma. 

The cells are spindle-shaped with indistinct margins and the nuclei are 
fusiform with sharp ends. Mitosis varies from little to plentiful. The presence 
of mitosis is helpful in deciding the diagnosis of fibrosarcoma. 


CLINICAL PICTURE 


Most of the histories revealed symptoms for a relatively short period of 
time. The average duration of symptoms was eight months, the shortest being 
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one month and the longest two years. The complaints were characteristic of 
those associated with a growth in the lower part of the reetum. Difficulty with 
defecation was an early symptom because of the low position of the lesion in 
the rectal canal. Pain (6 cases) was the second predominant symptom. The 
pain was described as radiating into the bladder and penis in those lesions 
which were anterior, whereas local rectal pain occurred with posterior lesion. 
Bleeding was the third most frequent symptom (5 cases). The bleeding was 
characterized as being of a spotty type, bright red, and mixed with stool, or, in 
some instances, coming after the stool, as in hemorrhoids or fissures. A heavy 
feeling in the rectum was described by 3 patients, constipation by 3, a lump 
in the anus by 1, a prolapsing tumor out of the rectum in 3, loss of weight in 
only 1, and weakness by 1. 

Table III shows the major clinical differences between fibrosarcoma and 


carcinoma of the reetum. 
















TABLE III. CHARACTERISTICS OF FIBROSARCOMA AND ADENOCARCINOMA OF THE RECTUM 














FIBROSARCOMA | ADENOCARCINOMA 
1. Readily palpable by digital examination; Not as readily palpable by digital examina- 
lesions close to anorectal line tion; lesions higher in rectum 


2. Mucosa intact over mass for longer periods; Mucosa is destroyed early; directly involved 
mucosa slides easily over mass 


3. Mass ovoid, round, polypoid; originates in Mass irregular, edges hard, constricting, cauli- 


submucosa. flower-like; originates in mucosa 

4. Pedunculation and prolapse through anal Rarely pedunculated or prolapsed through 
orifice frequent anal orifice 

5. Ulceration late and minimal Early ulceration 

6. Bleeding minimal and late Bleeding early and more pronounced 

7. Anemia and cachexia are infrequent and Anemia and loss of weight a predominant 
very late finding 

8. Slow course and progress until vascular Relatively rapid course and progress. 
metastases 


9. Intestinal obstruction rare and very late Obstruction early and marked 


in disease 
Early lymphatic involvement with late local 


. Local invasion of tissues at point of origin 
extension 


with late lymphatic involvement 





11. Death due to blood-borne metastasis to Death due to local and distant lymphatic in- 
lungs, liver, heart volvement and distant metastasis to liver, 
peritoneum, lungs, brain 








PHYSICAL EXAMINATION 


The tumor mass was always palpable by digital examination and was 
usually not diagnosed until proctoscopie examination with biopsy and a sub- 
sequent pathologie study were made. In the 2 cases seen by us, there was con- 
fusion as to the identity of the malignancies. In Case 1 the lesion was first 
thought to be a chronic granulating lesion in the rectum, and only after two 
separate biopsies and pathologie sections was the lesion ealled a fibrosarcoma. 
In Case 2 the lesion was thought to be a benign fibroma, and only after the 
pathologie sections showed fibrosarcoma was an accurate diagnosis made. 
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Because the diagnosis is not made before biopsy and histologic study, 
urge that this disease (fibrosarcoma) be considered in any patient who has 


(1) a low-lying submucosal nodule or mass, (2) a low-lying polypoid mass 


within the anorectal line which tends to prolapse, or (3) a granulating area 
just within the anal orifice. None of these lesions should be treated locally 
without adequate biopsy and without adequate histologic survey. If early and 
adequate biopsy with accurate histologic survey is conducted in all suspected 
cases, delay in treatment will be avoided and the best possible end results will 
follow. 

TREATMENT 

A review of the methods of treatment for the cases of fibrosarcoma of the 
rectum described since 1927 shows that radical excision by means of an alb- 
dominoperineal resection of the rectum is the method most frequently used. 
Kallet and Saltzstein® treated their two cases of fibrosarcoma by local enuclea- 
tion and radiation; both patients died, four and eight months, respectively, after 
treatment. Weeks,’ in his case report, first described local enucleation which 
was followed by radiation therapy and radium. However, one and one-half 
months later a modified Kraske or sacral resection was performed. This patient 
died seven months after the appearance of the first symptoms. As far back as 
1927 Weeks" wrote that x-ray and radium were valueless in the treatment of 
sarcoma of the rectum, and that early and very radical surgery was indicated. 

In general, the prognosis for fibrosarcoma is poor because the diagnosis is 
usually not made early and because there is an early tendency to vascular 
metastasis. Early diagnosis followed by immediate radical combined abdomino- 
perineal resection of the rectum is the method of choice for the treatment of 
fibrosarcoma of the rectum. This offers the best chance for cure or for pro- 
longation of life. 

SUMMARY AND CONCLUSIONS 

The frequeney of glandular malignaney of the rectum is in distinet con- 
trast to the infrequency of malignancies arising from connective tissue elements. 
One of the rarest sarcomas of the rectum is fibrosarcoma, with an estimated in- 
cidence of 0.25 per eent of all rectal malignancies. 

From the time of the comprehensive report of Weeks'! (1927) on rectal 
sarcomas to the present writing, 21 cases of fibrosarcoma of the rectum had 
been described in the literature. Two more eases which were recently en- 
countered and treated are added in this report. 

These lesions are almost always in the lower rectum in the vicinity ot 
the anorectal line, are readily palpable by digital examination, are single, tend 
to be small, and are often covered with normal mucosa. Late in their growth 
they become soft, polypoid, and voluminous, and may fill the rectum. 

Fibrosarecoma is found predominately in men. Its low-lying position pro- 
duces symptoms early in the course of its growth. The characteristic symptoms 
are difficulty with defecation, pain low in the rectal area, and spotty, bright 
red bleeding with or in the stools. 
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Fibrosarecoma of the rectum should be suspected in any patient who has 
a low-lying submucosal nodule or mass, or a low-lying polypoid mass within the 
anorectal line which tends to prolapse, and/or a granulating area just within 
the anal orifice. 

Prognosis for fibrosarcoma of the rectum is poor because the lesion is not 
diagnosed early, and because there is an early tendency by the lesion for vas- 
cular metastasis. If early and adequate biopsy with accurate histologic study 
is made on all suspected cases, delay in preper treatment will be avoided. The 
best chance for cure or for prolongation of life of the patient with fibrosarcoma 
of the rectum follows early diagnosis and immediate radical combined abdomino- 
perineal resection of the rectum. 
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MODIFIED CARDIOPNEUMOPEXY EMPLOYING SEGMENTAL 
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FLOW STUDIES 
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(From the Department of Surgery, University of Minnesota, and The Jay C. Phillips Research 
Laboratory, Mount Sinai Hospital) 


Fk THE many experimental and clinical studies regarding augmentation of 

the coronary blood supply, the protective benefits reported by Lezius® **" 
were among the most outstanding. Others® 1%: °° 21) 24 have reported the experi- 
mental and clinical benefits of cardiopneumopexy. The procedures as described 
by these authors consist essentially of the direct application and suture of the 
lung to the myocardium. 

With the idea that the broad, vascular surface of one or more segments of 
the lung applied to the heart might provide greater protective benefits to the 
ischemie heart than the previously described methods of cardiopneumopexy, 
the following techniques are being experimentally explored. 

Segmental resection of the lung with application of the raw surface by 
suturing the margins of the lung to the myocardium has been performed. 
Single and multiple resections have been done unilaterally and _ bilaterally 
during one operative procedure (Fig. 1, A to D). 

In order to spare the loss of pulmonary function consequent to segmental 
resection and to inerease the contact surface between the heart and the lung, 
segmental cleavage has been performed (Fig. 1, £). This consists of the de- 
velopment of the plane between two of the basilar segments of the lower lobe 
with the preservation of the bronehovascular structures. Thus, two raw 
surfaces are created and both of these are applied and sutured to the myo- 
eardium. The heart-lung contact is thereby twice as great as with the procedure 
of segmental resection. 

The possibility of introducing systemic pressure into the pulmonary arter) 
by employing the Blalock principle is being studied (Fig. 2, A and B), In- 
creasing pulmonary artery pressure by partial or complete pulmonary vein 
occlusion is also being studied (Fig. 2, C and D). 


OPERATIVE TECHNIQUE 


Mongrel dogs were anesthetized with intravenous sodium Nembutal (vet 
An intratracheal tube was in 
] 


erinarian) 14 mg. per pound of body weight. 
chest was shaved 


serted and attached to a mechanical respirator. The left 
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and prepared with tincture of Zephiran. Thoracotomy was done through the 
fourth or fifth intercostal space employing surgically clean technique, and a 
self-retaining retractor was inserted for rib-spreading. The pulmonary ligament 
was incised allowing mobilization of the left lower lobe. The pulmonary artery 
was identified and the most medial and terminal branch or variation thereof 


Modified Cardiopneumopexy 
Employing Seqmental Resection 





(a) Seg. Resection (b) Seg. Resection (c) Seqg.Resection 
Lshk. LAL. ¢ L.44. L.U.L. 





(d) Bi~lat. Resection  (e) Seg. Cleavage 
L.L.L.¢ RL. ae 


Fig. 1.—Schematic representations showing variations of segmental resection and segmental 
cleavage for modified cardiopneumopexy. 


supplying the most medial basilar segment was doubly ligated and divided. 
The bronchial segmental anatomy in dogs differs from human anatomy, but 
the segment most often reseeted corresponds to the anteromedial segment of 
the human lung. This segmental bronchus was isolated, proximally ligated, 
distally elamped, divided and segmenteetomy was completed by the usual 
methods.*: 1% 11.19 The pericardium was incised widely anterior to the phrenic 
nerve. In the first 7 experiments, the epicardium of the left ventricle was 
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sharply dissected and removed. Because this procedure was time-consuming 
and not infrequently attended with annoying bleeding, the epicardium and 
pericardium were in subsequent procedures chemically débrided with 30 pei 
cent acriflavine and the lung was applied to the surface of the left ventricle. 
The upper margin of the lung was sutured approximately one centimeter beloy 
and parallel to the anterior descending branch of the left coronary artery. At 


Modified Cardiopneumopexy Employing 
Segmental Resection, Arterialization and 
Venous Obstruction 


Seq. Resection 
With Aortico~Pulmonic Anastomosis 


Seq. Resection 
(c) With Venous (d) With Arterialization 
Obstruction ¢ Venous Obstruction 


Fig. 2.—Schematic representations of segmental resection for modified cardiopneumopexy com- 
bined with aorticopulmonic anastomosis and with pulmonary vein obstruction. 


intervals of 1.0 to 1.5 em. the edges of the lung were sutured to the epicardium. 
The lung was returned to the hemithorax, 300,000 units of penicillin were 
instilled into the chest cavity, and closure was performed in layers. 

Four animals were operated upon employing precisely the technique as 
described by Lezius.‘* 1° Other variations will be reported under the section 
of results. 





ar . CARDIOPNEUMOPEXY WITH SEGMENTAL RESECTION 
umber 


Fig. 3.—A and B, Heart-lung specimens following modified cardiopneumopexy with 
segmental resection showing the left lower lobe (lower right) fixed to the myocardium, Can- 
nulae and tubing were used for injection studies. 
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MATERIALS 


In a group of 24 dogs, various modifications of cardiopneumopexy were done to de 
> i Do”) } I d 
termine operative feasibility. Other primary objects of study were: (1) to determine tli 
I y A J y 
presence or absence of anastomoses between the heart and the lung, and (2) to determine 
by an in vivo experiment the direction of blood flow at the site of the lung graft, that is, 
from the heart to the lung or from the lung to the heart. 
eS 
Heart-lung specimens in all instances were examined following directional flow studies 
> > 

performed between eighteen and forty-one days after the initial operation of cardio 
pneumopexy. Exceptions were three dogs which died on the fourth, seventh, and eighth 
days postoperatively. 





; Fig. 3 (cont’'d).—C, Bivalved heart-lung specimen following modified cardiopneumopex)s 
with segmentectomy showing firm union between the structures. Cannulae and tubing wert 
used for injection studies. 


RESULTS 


In fourteen animals with cardiopneumopexy with segmental resection 0! 
the left lower lobe, the heart-lung union in all instances was excellent and 
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corresponded to the segmental surface (Fig. 3, A to C). Grossly, anastomoses 
between the heart and the lung were demonstrated in eleven specimens tested 
by injection of air and saline solution. Injection of the pulmonary artery to 
the lower lobe showed filling of the coronary arteries and coronary veins (Fig. 
4, A). Conversely, injection of the coronary vessels showed filling of the 
pulmonary arteries and the pulmonary veins (Fig. 4, B). In one animal dying 
on the fourth postoperative day, following operative cardiae arrest, no com- 
munications were noted by this method of injection. In two specimens, the 
studies were omitted. 

In eight x-ray studies in which watery contrast media such as Urokon, 
Miecropaque, or Sodium Hypaque were used, anastomoses were demonstrated 
Fig. 5, A to Z). In two studies, the Schlesinger mass** was employed, and no 
anastomoses were noted. 


Air~Saline Injection 






Coronary 
Sinus *; 


(a) Injection of (b) Injection of 
Pulmonary Artery Coronary Artery 


Fig. 4.—Schematic drawings showing results of air-saline injections in heart-lung speci- 
mens following modified cardiopneumopexy with segmental resection. a, Injection into the 
pulmonary artery shows fillings of coronary arteries and coronary veins with emptying into 
the aorta, coronary sinus and pulmonary vein. b, Injection of the coronary artery shows 
filling of pulmonary arteries and veins and coronary sinus. 





One study consisted of ecardiopneumopexy with segmental resection of the 
left upper lobe. Thirty-one days postoperatively anastomoses were demon- 
strated by injection, grossly, and by x-ray study. The pericardium had been 
surgically excised. 

In three animals, cardiopneumopexy with bilateral segmental resections 
through a transverse sternotomy was done. Two died of empyema. Anasto- 
moses were grossly demonstrated as in the previous studies. Of the three 
x-ray studies, injection of watery contrast solution showed anastomoses (Fig. 
6) whereas a slowly settling barium mixture did not. 

Segmental cleavage as previously described was done in two animals. 
In both instanees, the heart-lung union was excellent (Fig. 7) and corresponded 
to the surfaces of the two segments. The rotated segment, resected in the 
preceding studies, appeared normal and ventilated well. Anastomoses were 
demonstrated grossly by injection and also by x-ray contrast studies. 














on seventh postoperativ: 
sternotomy 
contrast media into pulmonary 
cannulate one 


Fig. 5.—A, Heart-lung specimen obtained from animal dying 
day following cardiopneumopexy with bilateral segmentectomy through transverse 


Cause of death was atelectasis and empyema. _ Injection of 
artery shows filling of coronary arteries and coronary veins. Failure to 
tributary of the inferior pulmonary vein allowed refiux filling of the left atrium and right 
pulmonary tree. 3B, Heart-'ung specimen forty-one days following cardiopneumopexy wit! 
segmental resection of left lower lobe. Injection of contrast media (sodium Hypaque) int 
pulmonary artery shows filling of coronary arteries and veins. Cannulae in coronary sinus (left 
side) and in pulmonary vein (right upper corner) also contain dye. 
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In four animals cardiopneumopexy was done according to the method of 
Lezius.'* 1° In only one animal in which the upper lobe was sutured to the 
myocardium was there good heart-lung union, Anastomoses were demonstrated 
in this specimen, to a lesser degree, grossly by injection and by x-ray study. 
In the remaining three cases in which the lower lobe was employed, one had 
a small area of heart-lung union 3.0 by 2.0 em., one had a single bandlike ad- 
hesion between the heart and the lung, and in one the lung was completely 
free of the heart. In two of these last three specimens with heart-lung union, 
meager anastomoses were demonstrated. [Lezius'*:'’ reported similar results in 
the absence of physiologic need. 


C. 
Fig. 5 (cont’d).—C, Heart-lung specimen eighteen days following cardiopneumopexy with 


segmental resection of left lower lobe. Injection of contrast media (Urokon) into pulmonary 
artery shows filling of coronary vessels with emptying through coronary sinus cannula on left. 


DIRECTIONAL FLOW STUDIES 


Having established that modified cardiopneumopexy with segmental re- 
section uniformly provided excellent heart-lung union corresponding to the 
surface of the lung segments grafted and that anastomoses were consistently 
present in specimens tested by injection, the next logical step was to determine 
whether the direction of blood flow was possible from an extracoronary source 
of blood, the pulmonary circuit, a low pressure system, to the coronary arteries 
normally part of a high pressure system. On the basis of differential pressure 
zradients,!” 28 the phenomenon is physiologically possible. Supporting the 
hypothesis that blood flows in the direction of physiologic need are many in- 
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Fig. 5 (cont’d).—D, Heart-lung specimen twenty-one days following cardiopneumopexy with 
segmental resection of the left lower lobe. Coronary vessels are filled by injection of contrast 
media (Urokon) through pulmonary artery. #, Heart-lung specimen thirty-four days following 
cardiopneumopexy with segmental resection of left lower lobe. jection of pulmonary arter) 
with contrast media (sodium Hypaque) shows diffuse filling of coronary vessels. Cannula in 


coronary sinus is filled with dye. 
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Fig. 6.—Heart-lung specimen twenty-one days following cardicpneumopexy with bilateral 
segmental resection. Urokon injected into the pulmonary artery of the right lower lobe shows 
filling of coronary arteries and coronary veins. The pulmonary artery to the left lower lobe 
was injected with a barium mixture and failed to show filling of coronary vessels. Particle 
size of the injection mass is significant. 


Fig. 7.—Heart-lung specimen following modified cardiopneumopexy employing segmental 
cleavage. The forceps on the right reflects the edge of the isolated lower lobe segment which 
is adherent to the heart and extends to the border of the right ventricle. The main portion 
of the lower lobe, behind the clamp, is also fixed to the heart. 
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direct (deductive) data such as the compensatory enlargement of intereoronary 
communiecations** ** °° and extracoronary collaterals. ** 2% 2° In addition 
augmentation of the coronary circulation following protective procedures has 
given evidence in support of the principle of physiologic need. These pro 
eedures have shown by test protection in terms of increased animal survival, 
reduction in size of infarcts, increased retrograde flows,? dependeney on an 
extracoronary blood source, and increased exercise tolerance.*® Previous|) 
reported in vivo studies attempting to substantiate transfer of blood from 

grafted tissue to the myocardium have been inconclusive or noneonfirma 


tory. 15) 21, 27 


Directional Flow Study 


am rwe to 
Arterial PA. LLL. 
Branch L.U.L. 
Site of 


Heidenhain Suture 
of Bronchial Vessels 


Acute Coronary 
Occlusion in-. 


Second Phase 
Flow 


60~100 cc/min. 


Fig. 8.—Schematic drawing of experimental arrangement for directional flow study. 
Catheter attached to perfusion bottle is threaded through upper lobe artery to distribution 
area of left lower lobe previously treated by segmental resection and grafted to myocardium 
The inferior pulmonary vein is diverted to a beaker at level of left atrium. A Heidenhain 
suture for obstruction of bronchial vessels is placed around the lower lobe bronchus. The 
perfusion is then conducted in two stages without and with coronary artery occlusion. 


METHOD OF DIRECTIONAL FLOW STUDY 
Mongrel dogs were prepared in the manner previously described with a left lower lobe 
cardiopneumopexy employing segmental resection. Eighteen to forty-one days postoperatively, 
the directional flow study was conducted as follows (Fig. 8). 


DIRECTIONAL FLOW STUDY 


The animals were anesthetized with intravenous Nembutal, 14 mg. per 
pound of body weight. An endotracheal tube was attached to an automatic 
mechanical respirator and compressed air was administered throughout the 
procedure. <A left thoracotomy was done through the previous incision. 

The main left pulmonary artery was isolated and the lower lobe braneh 
freed. A Heidenhain suture was passed around the lower lobe bronchus in an 
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attempt to occlude bronchial arteries and veins. Care was taken to avoid 
constriction of the bronchus. A noncrushing clamp was placed across the main 
left pulmonary artery. The inferior pulmonary vein was dissected intra- 
pericardially, occluded proximally, and amputated above a clamp placed on the 
left atrial wall so as to give as much length to the main trunk of this vessel 
as could be obtained. The line of excision in the left atrial wall was closed 
with a continuous suture and the clamp removed. The inferior pulmonary 
vein was then cannulated, and the cannula was attached to a rubber tube 
which was passed through a stab wound in the posterior chest wall. In some 
instances, because of the short segment of the main branch of the pulmonary 
vein, multiple polyethylene catheters rather than a single cannula were used. 
An attempt was made to keep the stab wound at the level of the left atrium. 


Directional Flow Study 
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Fig. 9.—Scheme of sequences in directional flow study. In the first perfusion period, 
nonstress phase, 100 to 125 c.c. of citrated whole blood containing 5 c.c. of Evan's blue dye 
is dripped into the pulmonary artery of the grafted lung over a 10 minute period. The pul- 
monary artery and pulmonary vein are then cross-clamped in order. Jugular vein samples 
at five-, ten-, and fifteen-minute intervals are drawn. The animal’s blood volume is restored. 
The second perfusion period, stress phase with acute coronary occlusion, is conducted as in 
the first phase and jugular vein samples are repeated. 


Next, the upper lobe arteries were identified. One of these was used for 
threading a polyethylene catheter into the pulmonary artery of the lower lobe. 
This was connected to a perfusion bottle. Other arteries of the upper lobe 
if present were doubly ligated and divided. The anterior descending or cireum- 
flex ramus of the left coronary artery was isolated. The animal was heparinized, 
2.0 mg. per pound of body weight. 

The remainder of the experiment was done in two phases, termed re- 
spectively the nonstress and the stress phases (Fig. 9). 

Nonstress Phase—During a ten-minute interval, after occluding clamps 
on the pulmonary artery and inferior vein were removed, the pulmonary artery 
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of the left lower lobe, grafted to the myocardium, was perfused with 100 to 125 
c.c. of citrated whole blood containing 5 ¢.c. of Evan’s blue dye.* In ord 
to maintain this rate of flow it was sometimes necessary to elevate the perfusion 
bottle to 40 or 50 em. of H.O. The blood loss from the inferior pulmonar, 
vein was diverted to a beaker. At the termination of the perfusion period, 
the left main pulmonary artery and inferior pulmonary vein were cross- 
clamped. 

Through the previously cannulated left jugular vein, systemic blood 
samples were obtained at five-, ten- and fifteen-minute intervals after conclusion 
of this first perfusion. An initial control sample was taken before the perfusion 
was conducted. Samples were tested by a spectrophotometer for the presence 
or absence of dye and concentrations were charted. 

Stress Phase (Coronary Artery Occlusion)—Following the first phase 
perfusion, and after test blood samples were taken, the blood volume of the 
animal was restored with citrated dog bank blood. The amount transfused was 
equal to the pulmonary vein loss, blood sample loss, and an estimated loss 
incident to surgery. In the later perfusion studies continuous systemie artery 
pressure was recorded during the procedure and the return to the preperfusion 
period pressure, in those animals demonstrating a drop in pressure, was helpful 
in evaluating the adequacy of blood replacement. 

The second phase (stress) perfusion was identical to the first phase with 


the exception that simultaneous acute coronary artery occlusion was performed, 
usually of the cireumflex ramus and occasionally of the anterior descending 
‘amus of the left coronary artery. In many instances, the entire ten-minute 
perfusion in this phase could not be done because of intervening ventricular 
fibrillation. In these cases jugular vein samples were taken when fibrillation 
seemed imminent and after it occurred. 


CRITICISMS OF THE METHOD 

1. In order to retain the pulsatile flow of the pulmonary artery, obstruction 
of the pulmonary artery proximal to perfusion was omitted. This, of course, 
allowed a possible avenue for reflux of perfusion fluid. 

2. The perfusion pressure was sometimes in excess of the normal pulmonary 
artery pressure. However, it was felt that the small amount of perfusion and 
the slow rate (10 to 12.5 e.c. per minute) would not favor reflux of perfusion 
fluid sinee the elevation of pulmonary artery pressure would be slight." 

3. The method of pulmonary vein diversion, although satisfactory in most 
instances, occasionally was fickle and required continuous adjustment to allow 
continuous flow. Thus the possibility of pulmonary vein obstruction was 
present. 

4. Failure to monitor in all instanees the systemic artery pressure and 
pulmonary artery pressure was a short-coming. 

5. The method of obstructing bronchial venous return was not absolute. 


*Warner-Chilcott Laboratories. 
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RATIONALE OF DIRECTIONAL FLOW STUDIES 


It was our premise that in the first phase (nonstress) perfusion period in 
the animal heart with a normal or intrinsically compensated coronary cireu- 
lation, there would be little or no transfer of blood from extracoronary sources 
including grafted lung as used in these experiments. The normal or intrinsic- 
ally compensated heart is physiologically independent of extracoronary blood 
supplies and pressure gradients do not favor flow of blood from extracoronary 
sources. Thus, little or no perfused dye should be recovered in systemic blood 
samples. 

However, when simultaneous acute coronary artery occlusion was done, as in 
the stress phase, pressure gradients would be altered allowing flow from extra- 
coronary sources, grafted lung in our studies, to the coronary circulation and 
then to the systemic circulation. Dye should then be recovered from systemic 
blood samples during and after this second stress perfusion period to sig- 
nificantly exceed that recovered in the first, nonstress, phase. 

The lower lobe grafted to the myocardium seemed ideal for the execution 
of this study since the total pulmonary artery inflow to the lobe could be 
isolated and the total venous outflow, exclusive of bronchial venous return, 
eould be diverted. 

RESULTS 

Twenty directional flow studies were performed following the method de- 
scribed. The data of six studies were discarded in this evaluation because of 
technical errors during the procedure. Causes for technical errors included 
unrecognized left upper lobe arteries, unrecognized venous drainage from the 
lower lobe to the superior pulmonary vein, mechanical obstruction of the 
diverted venous drainage of the lower lobe, airway obstruction, and hemorrhage. 
Four of these errors were encountered in our early experience with the method. 

Two additional studies were attended with technical errors encountered 
during the second phase perfusion period invalidating data in this period. 
The systemic blood samples drawn in the first phase of perfusion supported 
the thesis in that little or no dye was recovered. 

In seven studies little or no dye was found following the first phase per- 
fusion whereas a significant increase of dye was recovered from systemic blood 
samples during or following the second (stress phase) perfusion. In one study, 
considerable dye was recovered in the first phase. This inereased significantly 
during the second phase. 

In two studies no appreciable change was found in dye concentrations 
following the second phase perfusion period. Negligible amounts of dye were 
found in each phase. One of these bears comment. The animal had previously 
been a subject for chronic coronary artery occlusion. A clamp had been placed 
around the left main stem coronary artery. At the second thoracotomy, the 
coronary clamp was removed. The main stem artery was not completely closed 
but was surrounded by dense sear tissue. A eardiopneumopexy was performed. 
This animal survived acute occlusion of the circumflex ramus of the left 
coronary artery during the second phase perfusion period, a total of at least 
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twenty-five minutes including the blood sampling period, before being sacri- 
ficed. It is possible that intercoronary collaterals were adequate to support 
the myocardium independently of an extracoronary source of blood. 

Two control studies in which no lung was grafted to the myocardium were 
done. There was no significant difference in dye concentrations during the two 
perfusion periods. The amounts recovered in each phase were small. 

The foregoing data of directional flow studies may be summarized as 
follows: 





20 animals 





18 cardiopneumopexy 2 controls 
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DISCUSSION 

The continuous pressure differentials existing between the normal or com- 
pensated coronary circulation and the pulmonary cireuit arouses several in- 
teresting considerations. Chronic adhesions normally become progressively de- 
vascularized. It is possible that the pressure differential between the normal 
or intrinsically compensated coronary circulation and the pulmonary circulation 
might uniquely serve to perpetuate the anastomotic channels developed between 
the heart and lung once they are established. Blood flow may then be from 
the heart to the lung. Whether this possible mechanism acts to the detriment 
of the myocardium has not been established. Nevertheless, the continued 
presence of anastomoses between the heart and the lung wouid allow an avenue 


for reflux of blood from the lung to the heart when coronary artery occlusion 
occurred. 


We have considered a perfusion study of the coronary cireulation to de- 
termine whether or not there is flow through anastomoses into the grafted lung. 
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Fig. 10.—A, Following perfusions, blood samples from jugular vein are centrifuged and 
dye content concentrations of plasma are read from a spectrophotometer. Graph above shows 
results of four consecutive directional How studies. Number 508 shows an appreciable amount 
of dye in the first phase, but nevertheless, an increase in the second phase. The cause for 
dye in the first phase was not determined. Possibilities are technical error with reflux of dye 
into systemic circulation and dependency on extracoronary source of blood without coronary 
occlusion. Studies 509 and 512 show essentially no dye from systemic blood samples taken 
in the first, nonstress, phase, whereas, in the second phase with acute coronary artery occlusion 
there is a significant rise in dye concentration. Number 514, a control study without cardio- 
pneumopexy, shows negligible amounts of dye following both phases of perfusion. B, Dye 
concentrations of systemic blood samples following perfusion studies. Numbers 529 and 538 
Show small concentrations of dye during the first phase of perfusion with a significant sharp 
increase when acute coronary occlusion is present. Number 533, a control study, shows 
essentially no dye in both phases. C, Dye concentrations following perfusion of lobe grafted 
to myocardium. All three studies show an increase of dye concentration when acute coronary 


occlusion occurs. 
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Seemingly, this would require exelusion of the normal pulmonary artery infloy 
to the grafted lung and therefore alteration of the normally existing pressur 
gradients. This aspect of the problem, however, is receiving further attention 





SUMMARY AND CONCLUSIONS 





1. A modified technique of cardiopneumopexy employing segmental re 
section and segmental cleavage is presented. 

2. Excellent heart-lung union was a constant feature of cardiopneumopex) 
as herein performed. 

3. Anastomoses between the heart and the lung were consistently demon- 
strated grossly by air-saline solution injections and by roentgenogram when 
watery contrast media were used. It is suggested that the consistent presence 
of anastomoses without previously induced coronary artery occlusion is es- 
pecially significant. 

4. Proposed coneepts for study including arterialization and venous ob- 
struction of the grafted lung are presented. 

5. Directional blood flow studies were performed in twenty animals previ- 
ously prepared by modified cardiopneumopexy with segmental resection and 
segmental cleavage. 

6. On the basis of dye studies of systemic blood samples following perfusion 
of the grafted lobe, it appears that blood from an extracoronary source, grafted 
lung in our studies, flows into the normal coronary ecireulation in small inere- 
ments and is significantly increased when acute coronary occlusion is induced. 

7. The data support the feasibility of augmenting the coronary circulation 
by an extracoronary blood supply. 

The authors acknowledge with pleasure the technical assistance of Richard Baskin and 
Audrey Bernstein. 
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OPEN HEART SURGERY UNDER DIRECT VISION WITH THE AID OF 
BRAIN-COOLING BY IRRIGATION 


[EXPERIMENTAL STUDIES AND REPORT OF CLINICAL CASES, INCLUDING THREE 
SUCCESSFULLY TREATED CASES OF ATRIAL SEPTAL DEFECT 


Seri Kimorto, M.D.,* Sasuro Suair, M.D., AND KenicHut ASANO, M.D., 
Tokyo, JAPAN 


(From the Department of Surgery, Tokyo University School of Medicine, and the Tokyo 
University Hospital) 


URING the past several years important advances have been made in the 

field of open cardiae surgery. In general, three main methods have heen 
employed to obtain a bloodless heart: the mechanical heart and lung, extra- 
corporeal cross circulation, and hypothermia or artificial hibernation. 

Eighteen years have passed since Gibbon! first devised a heart-lung ap- 
paratus, and recently many successful experimental results of long-term sur- 
vival have been reported. However, in over 15 elinical case reports, no sue- 
cessful case of complete by-pass has been found in the literature. A single 
suecessful clinical ease known to us is one reported by Gibbon? of atrial septal 
defect, among five cases so treated. Experimental investigations are being 
widely carried out in our laboratory at the present time, with very promising 
results, and it is expected that these techniques will be applied clinically in the 
near future. 

Extracorporeal cross circulation has been studied by Lillehei and _ his 
co-workers.’ Recently,‘ considerable good results have been reported for 
various congenital heart lesions. After comprehensive animal experimentation, 
we tried this method on a patient with tetralogy of Fallot, but he succumbed, 
probably because of his extremely serious condition. 

teneral hypothermia is arousing keen interest in open e¢ardiae surgery 
at the present time. Of the numerous experimental studies in this field, the 
most conspicuous contribution has been made by Bigelow and his associates.’ 
Lewis and Taufic’ were the first to treat a patient with atrial septal defect 
under direct vision with the aid of general hypothermia. In 1953, Swan and 
others’ published an excellent series of 15 clinical cases, 12 of which were 
treated under direct vision by complete inflow occlusion. These included 4 
eases of atrial septal defect, 5 of pure pulmonary stenosis, and 3 of tetralogy of 
Fallot. One patient with atrial septal defect died. The duration of complete 
inflow occlusion was 2 to 8.5 minutes. Their recent report’? summarized 45 
eases with a mortality of 20 per cent. However, recently some controversial 
opinions have been expressed on hypothermia. Bailey and his co-workers'' 
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reported 16 cases of congenital heart disease operated upon under hypothermia, 
with 11 deaths. They seem to be less enthusiastic for general hypothermia at 
the present time. 

We have investigated general hypothermia experimentally and clinically 
since 1953. Encouraged with animal experiments indicating that cardiac inflow 
could be occluded for as long as ten to twenty minutes, we applied general 
hypothermia for the resection of infundibular stenosis of tetralogy of Fallot 
under direct vision. However, all 5 patients operated upon died within a few 
days, of various causes. Special attention was paid to air embolism, and a new 
method of balloon occlusion of the aorta with atrial irrigation was devised.'* 
Regardless of the various causes of death of the 5 patients, the potential danger 
of hypothermia could not be denied completely. 
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Fig. 1.—Seiective brain-cooling by irrigation in experimental dogs. E.T., Endotracheal 
tube; Th.C., thermocouple in the cortex of the front lobe; B.7., bubble trap; P., pump; J.W.C., 
ice-water cooler; C.C.A., common carotid artery. 
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Wide and profound investigation has been made concerning the relation- 
ship of general hypothermia and eardiae and cerebral function sinee that time. 
‘rom these studies it has been confirmed that cooling of the heart has some 
disadvantage because of the tendeney toward uncontrollable ventricular fibril- 
lation under 30° C., but that eardiae inflow may be occluded for a long time 
if the brain temperature is lowered enough. By this reasoning, selective brain- 
cooling by irrigation was devised as a means of permitting open heart surgery 
under direct vision. As our investigation was being carried on, experimental 
work with a similar idea was published by Parkins and others.'* Encouraged 
by the excellent results in our experimental work, 5 patients with congenital 
heart disease were operated upon with the aid of selective brain-cooling. This 
article is being published because this is the first clinieal application of this 
method, and the results have been so promising that further trial seems indicated. 


EXPERIMENTS ON CARDIAC INFLOW OCCLUSION 


Healthy mongrel dogs weighing 8 to 20 kilograms were used in the experiments. 
Anesthesia was obtained by intravenous Nembutal and artificial respiration was provided by 
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means of the endotracheal tube. The common carotid artery on one side was exposed a 
two polyethylene tubes were inserted in the artery proximally and distally. Between the { 
tubes a glass coil passing through an ice-water cooler and a pump propelling the blood wi 
connected. To prevent air embolism, bubble traps were provided. These cannulations 
shown in Fig. 1. 

The volume of the extracorporeal tube and coil was 100 c.c. 
was about 100 ¢.c. per minute. It required about fifteen minutes of irrigation with cooled 


blood to lower the temperature of the brain to 17 or 18° C., following which the chest w: 


opened and the cardiac inflow completely occluded by temporary ligation of the superior and 
intended period of occlusion wiis 


and the irrigation r: 


inferior venae cavae with umbilical tape. After the 
completed, the ligatures were released and the chest was closed. 


The course during selective brain-cooling and cardiac inflow occlusion is shown in 


Fig. 2. 
When the brain temperature was 17 to 18° C., the rectal temperature 


remained at 31 to 32° C. Elevation of some degree of temperature was found 
After the release of occlusion, the brain tempera- 


almost always 


during eardine 


inflow occlusion, but this was insignificant. 
ture approached the rectal temperature rapidly. Spontaneous respiration appeared within 
five minutes. Recovery of consciousness was quick, and there was no evidence of either 
temporary or residual brain damage. 

The results of the experiments on 15 dogs are summarized in Table IT, It was surprising 
that the cardiac inflow could be occluded for as long as fifty minutes without evidence of 














TABLE I, RESULTS OF COMPLETE CARDIAC INFLOW OCCLUSION UNDER THE SELECTIVE BRAIN 
COOLING BY IRRIGATION IN DoGs 
IRRIGATION RECTAL | DURATION OF CARDIAC | 
WEIGHT RATE TEMP. INFLOW OCCLUSION 

NO. (KG. ) (C.C./MIN. ) (°c) | (MIN.) OUTCOME | REMARKS 

69 15.0 120 30.5 10 Survived 

72 12.0 100 30.0 10 Survived 

73 13.0 110 29.8 10 Survived 

74 12.0 110 30.0 10 Died Cerebral 
damage 

75 10.0 100 30.4 10 Survived 

77 13.0 100 30.4 10 Survived 

78 18.0 100 31.0 15 Survived 

86 11.0 80 31.0 20 Survived 

87 8.5 70 30.0 20 Survived 

88 9.5 SO 31.0 25 Survived 

89 19.5 120 30.0 35 Survived t 

101 23.0 100 28.5 45 Survived 

107 18.0 100 29.2 50 Survived 

122 23.0 150 29.5 60 Died i 

123 16.0 100 29.5 60 Died } 


*Temporary ventricular fibrillation; controlled by electric shock with permanent recovery 
fTransient intestinal hemorrhage, but not serious and practically insignificant. 
tVentricular fibrillation with temporary recovery, but died after several hours. 





brain, spinal cord or cardiac injury. According to our recent experiments, the upper limit o! 
possible inflow occlusion seems to be forty to fifty minutes. It is also emphasized that there 
was neither gross or microscopic evidence of significant change in the brain, heart, lung, 
liver, spleen, and so on. Some mild, cloudy swelling was seen in the epithelium of the upper 
renal canaliculi, but this seemed to be unimportant as the change was found uniformly 
regardless of the period of inflow ocelusion. 

The question might be raised as to the brain temperature on the nonirrigated side 
The answer, as shown in Fig. 3, reveals no significant difference in temperature between tl 


irrigated and nonirrigated sides. 
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The next question is the temperature of the heart. This is answered in Fig. 4. The 
heart temperature was practically the same as the rectal temperature. This is explained 
by the fact that the cooled blood flow from the brain represents only a small part of the 
circulating volume of blood. 
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Fig. 2.—An example of the course of selective brain-cooling and cardiac inflow occlusion. 
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_ Fig. 3.—Brain temperature on the nonirrigating side. R.T., Rectal temperature; B.T.N., 
brain temperature on the nonirrigating side; T.J.V., blood temperature of the internal jugular 
vein; B.T.J., brain temperature on the irrigating side. 

Fig. 4.—Temperature in the right ventricle. R.7., Rectal temperature; R.V.T., blood 
temperature in the right ventricle; B.7.J., brain temperature on the irrigating side. 
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The third problem was the possible danger of cerebral embolism. However, as two « 

more bubble traps were inserted in the cooling system, such complications were ney 
» 


Clotting in the cooling system was prevented by the use of heparin, 2 mg 


experienced, 
The action of the heparin was later neutralized with protamine, 


per kilogram of body weight. 
2 to 3 mg. per kilogram of body weight. 
EXPERIMENTS IN OPEN HEART SURGERY 

In clinical use, not only is the period of cardiac inflow occlusion important, but the 
cardiac incision is of great significance from the standpoint of immediate complications 
As shown in Table II, this was less significant for atrial incision, creation, and closure o! 
atrial septal defect than for ventricular wall incision. Incision of the ventricular wall 
showed a high tendency to produce ventricular fibrillation. this 
much more easily in all animals as compared with those under general hypothermia, although 
Swan and associates!* have suggested the use of 
We also found, both in general 


However, was controlled 


some did not survive for a long time. 
acetylcholine for the prevention of ventricular fibrillation. 
hypothermia and in selective brain cooling, that ventricular fibrillation was completely avoided 
when acetylcholine was used in adequate doses, as shown in Table II. 

TABLE IT. CoMPLETE CARDIAC INFLOW OCCLUSION COMBINED WITH HEART INCISION UNDER THE 
SELECTIVE BRAIN-COOLING BY IRRIGATION 


“DURATION 
OF INFLOW 





ACETYL- 














OCCLUSION CHOLINE | VENTRICULAR 
NO. (MIN. ) (MG. ) | FIBRILLATION | RESUSCITATION | OUTCOME 
Creation and 79 914 7 * Successful Survived 
closure of 82 814 + Successful Survived 
atrial septal 102 13 - Successful Died 
defect 83 12% - Successful Survived 
84 15 - Successful Survived 
Incision of 80 10% ° } © a Successful Died 
right 98 91% - Successrul Survived 
ventricle 109 15 ~ Successful Died 
81 12% + Successful Survived 
85 17% a Successful Survived 
Incision of 114 20 25 Delayed Successful Survived 
right vent- 116 20 30 Delayed Successful Survived 
ricle with 115 3 50 Delayed Unsuccessful Died 
acetylcholine 112 10 50 - Successful Survived 
by coronary 1138 15 50 - Successful Survived 
pertusion 117 26 80 - Successful Survived 





CLINICAL APPLICATIONS AND RESULTS 


Since the experimental work proved so encouraging, 5 patients have been 

operated upon under direct vision by means of selective brain-cooling by irriga- 
These cases are briefly summarized in Table ITT. 

The entire clinical application of the principle of selective brain cooling is 

shown in Fig. 5, and the cannulation into the common carotid artery with the 

repair after operation is shown in Fig. 6. 


tion. 


Case 2 was a patient with pure pulmonary stenosis. From our own experience, and as 
pointed out by Swan,15 the Brock method of dividing the fused pulmonary valve blindly 
through the right ventricle is not completely satisfactory. Under direct vision, after incision 
of the pulmonary artery, division of the valve into three cusps was accurately and easily 
done with the aid of selective brain-cooling, which was carried out smoothly during the 


operation. However, in spite of the patient’s excellent condition after surgery, he went 














oe 
= 


Mine DIRECT-VISION OPEN HEART SURGERY 
umber 


- 


Th.C, : 

















2 va) 
Sid oF 7 ’ = 
4 y = 
C C ro) gs =S 
. 








avsih 





Fig. 5.—Clinical application of the selective brain-cooling by irrigation. Jh.C., Thermo- 


couple into internal jugular vein; C., cooler; P., pump of DeBakey type; A.B.T., arterial blood 
transfusion; J., irrigation with saline solution into the incised heart cavity; B.P., blood pres- 
blood transfusion to femoral vein. 


sure of femoral artery; B.T., 








Fig. 6—Cannulation into the common carotid artery in man. 4, Incision of the common 
carotid artery; B, insertion of two cannulas; C, suture of the incised artery. 
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into profound shock three hours postoperatively and died. Reopening of the chest shortl 
before death and post-mortem examination revealed a fatal secondary hemorrhage from 
laceration in the pulmonary artery caused by one of the stay sutures. 


TABLE III. CLINICAL CASES TREATED UNDER DIRECT VISION By MEANS OF THE SELECTIV! 
BRAIN-COOLING 


DURATION OF| 














CARDIAC 
NO, INFLOW 
OF | AGE OCCLUSION | OPERATIVE 
CASES| NAME| (YR.) | SEX | DIAGNOSIS ( MIN.) TECHNIQUE RESULT REMARKS 

1 S.S. 12 M Atrial 10% Suture Cured Persistent 
septal ostium 
defect secundum 

2.0 ¥ 20 
ecm. 

2 T. O. 6 M_ Pure pul- 7% Valvulo- Died from Cut into 
monary plasty secondary three 
stenosis hemor- cusps 

rhage 

3 F. I. 30 F Atrial 13 Suture Cured Persistent 
septal ostium 
defect secundum 

tx 3 cm. 

4 M. Y. 10 F Atrial 10 Suture Cured Persistent 
septal ostium 
defect secundum 

2.8 x2 em. 

5 7. ¥. 15 M_ Atrial 20 Suture Died Large per 
septal from sistent os 
defect anoxia tium pri 
with Eis- mum and 
enmenger’s high ven- 
complex tricular 

septal 
defect 





Case 5 was diagnosed as an atrial septal defect, probably combined with Eisenmenger’s 
complex, that is, a large, high interventricular septal defect. Operation revealed the diagnosis 
to be correct, but the atrial septal defect was a large persistent ostium primum. Closure 
of such a complicated defect by suturing was so difficult and anoxia so pronounced, that 
the patient expired during the operation. 

Cases 1, 3, and 4 are all cases of atrial septal defect. All of them were satisfactorily 
treated and completely cured by operation under selective brain cooling. Their operative 
courses will be reported subsequently in some detail. 


REPORT ON THREE PATIENTS WITH SUCCESSFULLY TREATED ATRIAL SEPTAL DEFECT 


Various techniques have been devised for the surgical correction of atrial 
septal defect: atrio-septo-pexy by Bailey, a modification of this by Gross, atrial 
well by Gross, ligation closure by Bjork-Crafoord, and so on. 

These methods, however, have some disadvantages because of either technica! 
difficulty or incomplete closure. It is needless to say that suturing under direct 
vision in the incised bloodless heart is the easiest and most satisfactory method 
of repairing this defect. This has heen aceomplished by some authors with the 
aid of general hypothermia, cross circulation, and the mechanical heart-lung 
machine as described previously. We have treated 3 cases by repair under 
direet vision with the aid of selective brain-cooling, with success, 
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Case 1. 8. 8., a 12-year-old boy, complained of cyanosis on exertion during cold weather, 
and was sometimes subject to attacks of fainting. On admission to the hospital, physical 
examination revealed a precordial systolic murmur accompanied by a thrill. Neither cyanosis 





Kig. 7.—Closure of atrial septal defect by suturing under direct vision. Superior and inferior 
caval veins are temporarily occluded and the right atrium is opened. 


nor clubbing was found. A roentgenogram of the chest showed pulmonary congestion, right 
atrial enlargement, and increased hilar shadows. Findings at cardiac catheterization are as 
shown in Table IV. Calculated pulmonary and systemic blood flow was 7.7 and 3.7 L. per 
minute per m2, The shunt from left to right was estimated at 4.6 and from right to left 


0.6 L. per minute per m2, 


TABLE IV. THE RESULTS OF CARDIAC CATHETERIZATION BEFORE AND AFTER OPERATIONS IN 
THREE CASES OF ATRIAL SEPTAL DEFECT 
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Operation was carried out on Jan. 17, 1955. Cannulation into the carotid artery fo 


brain-cooling and into the internal jugular vein for measuring brain temperature was accom 


plished. The rectal temperature went down to 32° C. and the brain temperature to 17° ( 


Both superior and inferior caval veins were ligated intrapericardially with umbilical tapes an 
A few minutes later, when the cardiac chamber seemed to }y 
An atrial septal defect measuring about 
The atrial 


the brain irrigation was stopped. 
bloodless, the right atrial wall was widely incised. 
by 2.5 em. was closed by continuous over-and-over suture as shown in Fig. 7. 
cavity was continuously and completely irrigated with saline solution to prevent air embolism, 
while the defect and the right atrial wound were being sutured. The time of inflow occlusion 
was about 10% minutes. During this period transient atrial fibrillation occurred, but con 
verted without any treatment. No ventricular fibrillation occurred. The course during the 


operation is shown graphically in Fig. 8. 
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Fig. 8.—Clinical course during the operation of Case 1. 

The postoperative course was quite uneventful. Cardiac catheterization postoperativel) 

revealed no shunt between the atrial chambers, and the oxygen saturation of arterial blood 

in the femoral artery had risen to 91 per cent (Table IV). The patient was discharged one 
month after operation in good condition. 

CAsE 3. F. I., a 30-year-old woman, was admitted complaining of fatigue, weakness, 

and exercise intolerance. Physical examination revealed enlargement of the area of cardiac 

dullness to percussion and a marked systolic murmur heard best at the left border of the 


Cardiac catheterization indicated the pulmonary blood 


sternum, accompanied by a thrill. 
The shunt 


flow and the systemic blood flow as 7.6 and 3.5 L. per minute per m2, respectively, 
from left to right was 4.2, and from right to left 0.1 L. per minute per m2? (Table LV 

On Feb. 18, 1955, she was operated upon with the same technique as was carried out 
on Case 1, The course during the operation is shown in Fig. 9. 

Cardiac inflow was occluded when the rectal temperature was 33° C. and the brain 

temperature was 17° C., the difference being 16° C. Suturing of a large atrial septal 
defect measuring 4 by 3 em. was somewhat troublesome as the needle was broken and the 
suture cut, so that inflow occlusion was necessary for thirteen minutes. Atrial and ventricular 
rhythm was normal throughout the operation. After release of occlusion, spontaneous 
respiration appeared within two minutes. 

The postoperative course was quite uneventful and she left the hospital approximatel) 
one month after operation. Cardiac catheterization revealed a decrease in pressure ani 
oxygen content in the right heart and elimination of the atrial shunt (Table IV). 
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CASE 4, M. Y., a 10-year-old girl, was admitted to the hospital complaining of dyspnea 
on exertion. There was no cyanosis or clubbing. 

The thorax was asymmetric, the right half being somewhat atrophic and the left half 
more prominent. The heart was enlarged to the left and a marked systolic murmur accom- 
panied by a thrill was present. Roentgenograms revealed marked cardiac enlargement to 
the left and prominence of the upper portion of the left cardiac border. From oblique 
views, the cardiac enlargement was interpreted as being due to right ventricular hypertrophy. 
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Fig. 9.—Clinical course during the operation of Case 3. 
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Fig. 10.—Clinical course during the operation of Case 4. 


Cardiac catheterization revealed an interatrial communication with increase of pressure and 
oxygen content in the right heart as shown in Table [V. It was estimated that the pulmonary 
blood flow, the systemic blood flow, the shunt from left to right, and the shunt from right 
to left were 7.3, 3.9, 4.1 and 0.7 L. per minute per m2, respectively. 

On Feb. 23, 1955, she was operated upon with the same technique as Cases 1 and 3. 
The clinical course is shown in Fig. 10. Because of the asymmetrical thorax with cardiac 
displacement to the left, and also because of dense pleural adhesions, the operative procedure 
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was rather difficult. Moreover, brain-cooling was not as smoothly carried out as previously 
because the central cannula was too deeply inserted. However, intracardiac management 
was carried out without difficulty. The inflow occlusion period was ten minutes. As previ 
ously, neither atrial nor ventricular fibrillation was seen in this case. Spontaneous respiration 
appeared within thirty seconds after release of the occlusion. She regained consciousness 
one hour after the operation was completed. The postoperative course was complicated by 
pulmonary atelectasis on the contralateral side. Her recovery was otherwise uneventful 
and she was discharged thirty-six days after operation. Postoperative cardiac catheterization 
revealed normal hemodynamics with no evidence of abnormal shunt. The preoperative and 
postoperative findings at cardiac catheterization in three patients operated for atrial septal 


defect are summarized in Table IV. 


SUMMARY AND CONCLUSION 


Open heart surgery under direct vision has been studied for years, experi- 
mentally and clinically. In the past, 5 patients have been operated upon here 
with the aid of general hypothermia but none of them survived, although experi- 
mental work was apparently good enough to indicate clinical trial. Since then 
considerable investigation has been made in the relationship of hypothermia to 
brain and eardiae physiology. As a result of this work, a new method has been 
devised for open heart surgery: selective brain-cooling by irrigation. This is 
quite similar to the method independently devised by Parkins and his co- 
workers."* 

The experimental results of cardiac inflow occlusion using this method were 
far superior to those obtained by general hypothermia. Cardiae inflow could 
be occluded for as long as fifty minutes followed by no particular untoward 
effects. Moreover, intracardiac manipulation could be earried on for thirty 
minutes of inflow ocelusion when ventricular fibrillation was prevented with the 
aid of acetylcholine. 

Encouraged by these experimental results, 5 patients with congenital heart 
disease were subjected to operation with this method, the first clinical trial in 
the literature. Two of the 5 patients succumbed. One death was due to a 
technical error and the other to a complicated anomaly in the heart, but the 
exeelleney of this method was confirmed in the other 3 eases. These patients 
who had atrial septal defects treated under direct vision recovered from the 
operation quickly and their postoperative clinical course has been very impres- 


sive. 


It is needless to say that this method is neither ideal nor perfect, but it 
does provide a powerful advance in open intracardiae surgery. This work is in 
line with other investigative work that is being carried on at the present time, 
such as the development of the mechanical heart and lung. It may be suggested 
that a new era in cardiae surgery is not far ahead in the field of open heart 
surgery. It is hoped that this article will contribute to this development. 


ADDENDUM 
After this manuscript was written, six additional cases with atrial septal defects and 
one ease with ventricular septal defect have been operated upon using this method. All were 
closed under direet vision with the aid of selective brain-cooling with success. Moreover, one 
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patient with tetralogy of Fallot has been corrected radically by this method combined with 


selective coronary perfusion. This operative procedure consists of dividing stenotic pulmonary 


valve, resecting infundibular stenosis, and closing high ventricular septal defect. 
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THE CLOSURE OF EXPERIMENTAL AORTIC SEPTAL DEFECTS 
UNDER DIRECT VISION AND HYPOTHERMIA 


NorMAN E. SHumway, M.D.,* anp F. JoHN Lewis, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota) 


IRCULATORY interruption under general hypothermia is a satisfactory 

method for performing intracardiac surgery. The first successful closure 
of a eardiae septal defect under direct vision was accomplished by this tech- 
nique. Swan? has demonstrated the value of cardiac occlusion and hypothermia 
in the direct attack on pulmonary valvular stenosis. Gerbode,? Muller,‘ and 
Bigelow and associates® have stressed the application of hypothermia as an 
adjunet to juxtacardiae and poor-risk eardiae surgery. It is clear that safe 
levels of hypothermia are adequate for certain types of open heart and great 
vessel surgery where perfusion systems are not warranted. 

The need for direct exposure of aortic septal defects is evident from fre- 
quent reports in the literature which describe either disaster or contemplation 
of disaster from dissection between the heart and the anomaly.® 7? The logical 
approach to this defect is through the pulmonary artery. Cardiae occlusion 
under hypothermia readily permits direct exploration of the aortie septum via 
the pulmonary artery. 

While atrial septal defects and pulmonary stenoses ean be corrected under 
direct vision with perfusion techniques, albeit unnecessary, defects of the 
aortic septum are seemingly reserved for nonperfusion methods by anatomic 
considerations. Coronary perfusion in the presence of an aortic septal defect 
would not only inundate the field with blood but might also predispose to 
coronary air embolism. The suggestion seems reasonable, therefore, that open 
attack can best be carried out in a bloodless field with hypothermia. 


HISTORICAL REVIEW 


Incomplete division of the trunecoconal channel by the truncoconal septum 
in embryo is responsible for the defect.2. The truncoconal septum arises between 
the fourth and sixth aortic arches and progresses toward the ventricles. Raised 
longitudinal ridges on opposite sides of the truneus grow toward each other, 
eventually meeting in the midline to partition the common truncus into separate 
channels, the aortic leading into the fourth aortic arches and the pulmonary 
leading to the sixth aortie arches.? In spite of the fact that the aortic septum 
is continuous with the membranous portion of the ventricular septum, infra- 
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valvular defects of the membranous septum are seldom associated with aortic 
septal defects. Only 1 of 14 cases reviewed by Spencer and Dworken'? had 
an associated ventricular septal defect. The diameter of the defect in 6 of 
the 14 was 10 mm., although a range of 5 to 60 mm. was observed. 

Elliotson'! reported the first case of aortic septal defect in 1830. The first 
report in the American literature came from Hektoen'* in 1900. Abbott’ 
found only 10 aortic septal defects in her 1,000 case analyses, and Virechow™ 
stated that he had never encountered the anomaly; nevertheless, an increasing 
amount of current literature suggests that congenital defects of the truncus 
partition occur frequently enough to invite attention. 

Entirely different from congenital defects of the aortic septum are those 
communications between aorta and pulmonary artery secondary to aneurysmal 
rupture. Sixty-two cases of this type were reported by Schattenberg and 
ITarris..° We introduce this syndrome only to illustrate our preference for 
the term ‘‘aortie septal defect’’ rather than ‘‘aortic-pulmonary fistula’’ when 
reference is intended to the congenital lesion. 

Clinieally, the anomaly can be confused with ventricular septal defect or 
an atypical patent ductus. The first instance of ante-mortem diagnosis con- 
firmed at autopsy was described by Adams and associates.1° Gasul and co- 
workers,’ however, made the first preoperative diagnosis of aortic septal defect 
in 1951 by means of retrograde aortography. Dammann and Sell'® found 2 
aortic septal defects in 24 patients in whom the diagnosis of patent ductus 


was made despite the absence of a typical continuous murmur. Cyanosis of the 
face and upper extremity was early noted to be a feature of aortic septal 
defect.1; 1° Lower extremity cyanosis is, of course, a well-known physical 
sign in patent ductus with bidirectional flow. Upper versus lower extremity 
cyanosis may help to distinguish aortie septal defect from a reverse ductus. 


Cardiae catheterization is useful in making the diagnosis. Dexter’? called 
attention to the technique of passing a catheter from the pulmonary artery 
into the aorta through the defect. Himmelstein?! pointed out that a catheter 
reaching the aorta via a septal defect will take the route prescribed by the 
arch of the aorta while a catheter passed through a patent ductus subtends 
the arch and goes down the descending aorta. Anterior position of the catheter 
in a lateral chest film confirms the suspicion that the catheter traversed the 
pulmonary artery-aortic course through a septal defect. 

The first successful closure of an aortie septal defect was performed by 
(rross** in 1948. The communication was ligated with a linen tape but was 
not divided. Scott and Sabiston?* felt that division of the shunt was the best 
surgical treatment and reported one successful case. It is of interest to note 
that Gross, who divides the patent duetus, ligated an aortic septal defect, 
while the Johns IIopkins group, which has advocated ligation of the patent 
duetus, advises division for aortic septal defect! Kirklin and _ associates** 
have recently declared a successful surgical case treated by division and suture. 
The diagnosis was not made preoperatively. 
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. Fig. 1.—A, This shows the defect exposed through an incision in the pulmonary artery. 
B, The method of closure is depicted in this drawing. The pulmonary artery is actually 
plicated over the defect to avcid possible disruption of the anastomotic suture line. 
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Experimental work has lagged behind clinical identification of the problem. 
Seott and Sabiston®* made aortie septal defects in dogs by side-to-side suture 
technique with later division of the shunt at a second operation. They found 
that defects 6 mm. or more in diameter were not tolerated by the animals 


because of consequent pulmonary edema. This finding was substantiated by 
Cohen and co-workers®®? who developed a multiple-stage, nonsuture method for 
producing the shunt. Taufic and Lewis** found that interventricular septal 


defects made with a Lucite tube more than 4 mm. in internal diameter were 


poorly tolerated in dogs for the same reason. Apparently an acute shunt 


larger than 5 mm. in the supra- or infravalvular septum is not readily aeccommo- 
dated by the pulmonary circuit. 


METHOD AND RESULTS 


Adult mongrel dogs anesthetized with sodium pentobarbital were used in all experi- 
ments. In the first series of experiments a suture anastomosis was made between the aorta 
and the pulmonary artery as near the heart as possible; then, a week later, the defect was 
closed under direct vision with hypothermia and total inflow occlusion through an incision 
in the pulmonary artery. Three or four interrupted 5-0 silk stitches were adequate for 
closure of the shunt. The defect customarily lay at the level of the pulmonary valvular 
cusps on the right side of the heart and approximately 1 cm. above the sinuses of Valsalva 
on the Jeft. For purposes of anastomosis a curved Potts clamp was used on the aorta and a 
straight Potts for the pulmonary artery. During the anastomotic procedure all necessary 
manipulation was carried out with the pulmonary artery clamp because of the extreme 
fragility of the ascending aorta. Despite this precaution there were 3 deaths due to 
hemorrhage. 

Fig. 1 illustrates the technique of repair through the pulmonary artery. Dogs sub- 
jected to the staged repair are listed as Series I in Table I. There were 7 deaths due to 


TABLE I. STAGED AND SIMULTANEOUS REPAIR OF EXPERIMENTAL AORTIC SEPTAL DEFECTS 














DEAD OF | NO. OF 
PULMONARY DEAD OF DEFECTS VENTRICULAR 
SERIES r0. EDEMA HEMORRHAGE CLOSED FIBRILLATION 
7 3 5 a 


Series I (Staged ) a | 7 3 
Series II (Simultaneous) 0 0 10 5) 











pulmonary edema before repair of the defect was attempted because the shunt was made 
too large. All 5 animals on whom the second or reparative operation was performed sur- 
vived and had total obliteration of the shunt at the time of sacrifice several months post- 
operatively. A typical specimen is seen from the aortic and pulmonary artery aspects in 
Fig. 2. Three of the 5 dogs developed ventricular fibrillation at some time during the second 
operation, but each was readily defibrillated by a technique we have previously described.27 


To evaluate better the potential hazard of coronary air embolism incident to the open 
method of repair, a second series of experiments was designed to permit a larger shunt 
between the vessels. In this group the dogs were cooled to 28° C. by ice-water immersion, 
a relatively large anastomosis performed, inflow occlusion effected, and closure of the defect 
carried out at the same operation through an incision in the pulmonary artery. There were 
no deaths in 10 consecutive dogs undergoing the combined procedure. With hypothermia the 
anastomosis was much easier to accomplish because of less bleeding from small vessels in 
the aortic fat pad and because of lowered aortic pressure. In one dog the shunt was so 
large (10 mm.) that the heart developed a ventricular fibrillation which was irreversible 
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until the defect was closed. The usual period of cardiac occlusion was eight minutes. The 
incidence of ventricular fibrillation in this group was 50 per cent, but defibrillation presente: 
no problem except in the one case described. 


Results are listed in Table ] 
sacrifice all closures were complete, and no evidence of compromise of the 


, series IT. At 


pulmonary artery 
was seen in spite of the rather long incision sometimes needed to expose the defect. Ni 
coronary air embolism was observed. 


Fig. 2.—A, Pulmonary artery aspect of a dog sacrificed 
aortic septal defect. /, Suture 
was closed; 2, the 


three months after closure of 
line of the pulmonary arteriotomy through which the defect 
defect closed with 4 interrupted stitches; 8, the right pulmonary artery; 
}, pulmonary valvular cusps. B, Same specimen as A, aortic aspect. The defect is closed b) 
the plicated pulmonary artery, a technique which could be used in the human being if sutu) 

in the edges of the defect seemed to compromise the aortic ]umen, 
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DISCUSSION 

It is difficult to ascribe a permanent list of intracardiac operations to be 
performed under hypothermia because of rapid changes and advances in 
the field of open heart surgery. Atrial septal defects, pulmonary valvular 
stenoses, transposition of the great vessels, possibly ventricular septal defects, 
and aortie septal defects are lesions correctable under hypothermia. Certainly 
one point is clear enough, direct vision is far superior to the great list of 
ingenious applications of extracardiae techniques to intracardiac diseases. 
Open heart surgery is now of age. 

Although the percentage of survivals following either staged or simul- 
taneous repair of experimental aortie septal defects was gratifying, a sig- 
nificant incidence of ventricular fibrillation occurred. The relatively high 
rate of ventricular fibrillation in both clinical and experimental work with 
hypothermia has stimulated much research directed at its control and abolition. 
We purposely induced ventricular fibrillation in animals for intracardiac 
surgery on the left heart under hypothermia and found defibrillation to be 
no problem.?* In our laboratory Niazi and Lewis*® have observed that CO, 
added to the respiratory mixture of dogs cooled to temperatures less than 
20° ©. will diminish the incidence of ventricular fibrillation. In the present 
group of experiments CO, was not added to the inhalation mixture; however, 
using CO, in the last 5 clinical cases of intracardiae surgery we have had 
no ventricular fibrillation. Before CO, was used in the respiratory mixture 
one-third of our patients developed ventricular fibrillation at some time during 
the operation for atrial septal defect.*° In only one ease was defibrillation 
impossible. Although our fear of fibrillation has been largely ameliorated by 
sueeesses both clinical and experimental with defibrillation of the hypothermic 
heart, we recognize the reluctance of many to utilize hypothermia because 
of the risk of ventricular fibrillation. Experimentally we found that coronary 
perfusion even with venous blood would decrease the incidence of ventricular 
fibrillation, but clinical trial was not rewarding.*! The present system of 95 
per cent oxygen with 5 per cent carbon dioxide for the respiratory mixture 
during hypothermia appears to have real promise as an instrument to abolish 


ventricular fibrillation. 


SUMMARY AND CONCLUSIONS 


1. Experimentally made aortie septal defects can be easily repaired under 
direet vision and hypothermia through the pulmonary artery. Five staged 
and 10 simultaneous repairs were attended by 100 per cent survival. 

2. While the incidence of ventricular fibrillation has remained high in 
these experiments, recent suecess in preventing fibrillation clinically as well 
as past experience in defibrillating the hypothermic heart permits one to support 
clinical adoption of the technique for closure of aortie septal defects. 
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AORTIC HOMOGRAFTS IN DOGS, INCLUDING THE RENAL 
ARTERIES: TECHNIQUE AND RENAL FUNCTION 


J. A. ScHILuinG, M.D.,* E. L. Becker, M.D., ** C. R. Bowers, M.D.,*** anp 
D. Gop, CoLoNEL (MC), USAF, Ranpo.pH FIELD, TEx. 


(From the Departments of Surgery and Medicine, USAF School of Aviation Medicine, 
Randolph Field, Tex., and Lackland Air Force Hospital) 


HE fundamental contributions of Bahnson,! DeBakey,* and others have 

established the use of aortic homografts in the replacement of diseased 
segments in the thoracic and abdominal aorta. Reports of technical problems 
in the replacement of the terminal abdominal aorta have indicated the renal 
arteries as the upper limit of aortic resection. The loss of renal function and 
the increase in morbidity have been demonstrated when the obliterative, 
thrombotic, or dissecting pathologie process has extended to or into these ves- 
sels. It seemed worth while, therefore, to attempt to replace the abdominal 
aorta and renal arteries with homografts in dogs, and to study the effects of 
this procedure on discrete renal function. 


METHODS 


Large healthy mongrel dogs were studied. The operative procedures were carried 
out aseptically under Nembutal anesthesia. The technical steps are described in Figs. 
1 to 6. Homografts of the abdominal aorta and renal arteries were secured from large 
donor dogs and stored at 4° C. in Tyrode’s solution with the addition of 300,000 units of 
penicillin and 250 mg. of streptomycin per liter for one day to three weeks. The arterial 
anastomoses were carried out by the standard technique of continuous over and over 5-0 
and 6-0 braided arterial silk sutures with Atraumatie needles. In four animals 25 mg. 
of heparin was used every six hours postoperatively for five days. The animals were al- 
lowed a high-fat, low-protein diet ad libidum postoperatively and 300 ml. of water in ex- 
cess of urinary output until renal function was established or death ensued. 

Renal function studies were carried out with the dogs in a state of maximal anti- 
diuresis. A sustaining infusion of creatinine, para-aminohippurate (PAH) and pitressin 
(100 mz per hour) was infused throughout the experiment at the rate of 1 ¢.c. per minute. 
Five per cent mannitol in normal saline solution was infused at increasing rates of 2 to 17 
¢.c. per minute. Urine collections were made at thirty-minute intervals, and at high urine 
flows; collection periods were fifteen minutes. Total urine collection from an indwelling 
catheter was ensured by the injection of 20 ¢.c. of air. This was done to avoid the diluting 
effect of bladder rinsing with water on osmotie activity as determined by freezing-point 
depression. Arterial blood samples were collected from an indwelling Riley needle in the 
femoral artery at appropriate intervals. 

Filtration rate was measured by the exogenous creatinine clearance, creatinine being 
determined by the method of Bonsnes and Taussky.2 Renal plasma flow was measured by 
the clearance technique using PAH.7 Osmotic clearances were determined by the freezing- 
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Fig. 1. 


Fig. 1.—Position of the animal and the operative incision. 


J 


9 


Fig. 
Fig. 2.—The area of the homograft. 
Fig. 3.—Completion of the first anastomosis (right renal). The continuity of the aorti 
and left renal blood flow has not been disturbed. 





‘(8108 [BISIP) SlsoulojseuB YYNOJ Jo uoljo[duo0j—'9 

‘(jBuad Jal) SfsowoyseuB paryy Jo uolja[dwMo0j—'s 
‘payed [[QS sl Asupty eT ey}? OF MOY poolq apRasoijey = *(8}.108 pewrxoud) SsfsolwmoyseuUue puovss ay} jo uolja]dWoj—'F 
‘9g “Sol ‘ec ‘Sq 


a 


y SA 


RIES 


7 
4 


ARTE 


<, 
b 

Z, 
= 
pe 
cm 
on 
il 
c 

ee 
Z 


— 
4 


ME 


~ 
4 
4 


PLACT 


= 
4 


RE 











, 


Volume 
Number 4 











614 SCHILLING, BECKER, BOWERS, AND GOLD pees 
point depression technique using the Fiske osmometer, which utilizes the thermister 
described by Wesson.8 Blood and urine were analyzed for sodium and potassium with a 
seckman Model B flame photometer. An Hitachi Hand Protein Refractometer was used 
to measure plasma protein. Blood urea nitrogen determinations were made by a modifica 
tion of Karr’s method.5 

Intravenous pyelograms were done by the intravenous injection of Diodrast under 
Nembutal anesthesia. Arteriograms were made by the aortic injection of 5 ml. of 70 per 
cent Urakon through a femoral artery catheter. Larger amounts caused hindlimb paralysis. 

The 3 surviving animals were sacrificed at six, ten, and eleven months postoperatively, 
Gross and microscopic studies of the kidneys, renal vessels, and aorta were made. 


RESULTS AND DISCUSSION 


1. Results of Surgical Procedures.—The survival of animals, the age of the 
graft, and the time of anastomoses are listed in Table I. The technical diffi- 
culties of the operative procedure related primarily to the small size of the 
renal arteries and the relative inaccessibility of the right renal artery. 
Heparin apparently was an adjunct in therapy, although dog No. &, which did 
not receive heparin, had 2 functioning renal artery anastomoses. 


TABLE I. DatTA RELATED TO THE OPERATIVE PROCEDURE AND RESULTS 
ae fo AGE TIME OF ANASTOMOSES ( MINUTES) 














DOG WEIGHT GRAFT RT. PROX. LT. | DISTAL TOTAL 

NO. | ( KG.) (DAYS) |SURVIVAL| HEPARIN | RENAIL AORTA | RENAL | AORTA TIMI 
1 20.0 10 0 0 S a " ” 150 
2 20.0 20 0 0 re eI a 115 
3 28.2 22 + + 17 28 19 14 78 
4 27.3 7 +. + 25 24 15 16 80 
5 17.3 13 0 + 16 15 20 24 15 
6 22.3 14 0 + 26 19 13 19 7% 
7 25.0 1 0 0 23 19 18 10 70 
8 20.9 1 + 0 25 22 8 18 73 





Four animals died on the fifth postoperative day with bilateral thrombosis 
of the renal arteries at the site of anastomoses. <A fifth animal died of hemor- 
rhage postoperatively due to an overdose of heparin. 

2. Gross Pathology at Autopsy.—It is interesting to note the discrepancy 
in the weights of the right kidneys of dogs No. 3 and No. 4 with marked atro- 
phy and no function due to thrombosis of the renal artery (Table II). Dog 


TABLE II 
KIDNEY WEIGHTS | | 
(GM. ) = BODY WEIGHT 

















DOG RIGHT | LEFT | (KG. ) 
No. 3 8 110 - 28.2 
No. 4 ll 120 27.3 
No. 8 65 73 20.9 





No. 8 showed relative equality of kidney weights although there was fibrotic 
constriction of the right renal artery at the site of anastomosis, with some post- 
stenotic dilatation. 

3. Histologic Sections of Kidneys and Aorta—In dogs No. 3 and No. 4 
there were a few intact glomeruli and numerous e¢alcium deposits throughout 
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the cortex of the atrophic right kidneys. In the functioning left kidneys there 
was compensatory hypertrophy with areas of fibrosis and glomerular oblitera- 
tion. Dog. No. 3 had moderate to marked left pyelonephritis and, in addition, 
revealed complete calcification of the aortie graft. In the other grafts there 
was no ealeification, but there was fibrous replacement of most of the wall of 
the aorta. Both kidneys of dog No. 8 were quite normal in appearance except 
for scattered small areas of fibrosis and glomerular obliteration. 

4. Blood Urea Nitrogen.—This was determined at frequent intervals. From 
an early marked rise, the values fell to about normal at three weeks. A mod- 
erate rebound was noted, with return to normal, at two months, with a rise 
to pathologic levels in 2 dogs at six months (Fig. 7). 
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Fig. 7.—Postoperative changes in the blood urea nitrogen of the three surviving dogs. 


5. Renal Hemodynamics, Salt, and Water Metabolism.—Wesson and Ans- 
low® suggested that the production of hypertonic urine may be brought about 
by a reabsorptive process which is physiologically separate from distal water 
reabsorption. This process serves to remove a small quantity of water from 
the isosmotie tubular fluid. The term T°H,0 is used to designate this moiety. 

The osmolar clearance, Cosm, as derived from the freezing-point depres- 
sion, represents the isosmotic equivalent in cubie centimeters per minute 
(Cosm = Uosm V/Posm). Sinee in the design of these experiments we were 
always working with hypertorie urine, the osmotic clearance is greater than 
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the urine flow. The difference between the urine flow (V) and the osmotic 
clearance (Cosm) represents the amount of water which must have been real. 
sorbed to produce the hypertonic urine (T°H20 = Cogn = V). 
The transfer of water which is necessary to produce 
deranged and, when the kidney can no longer concentrate urine, a ‘‘fixed spe 
cific gravity’’ of urine oeeurs. The values of T*H:,0 afford a precise criterion 


T°H,0 is. easily 


of tubular function. 

Dogs No. 3 and No. 4 were studied at six months and ten months post- 
operatively (Table III). It was noted that in No. 3 the ability to produce a 
concentrated urine was greatly impaired and only somewhat improved at ten 
months. Dog No. 3 excreted large quantities of potassium. The explanation 
for this is not known. The renal plasma flow in No. 3 was depressed at six 
months and somewhat improved at ten months with a depressed filtration frac- 
tion (WCF/RPF). Dog No. 4 at six months and ten months has a filtration 
fraction closer to normal limits and was able to concentrate his urine to a 


greater degree than No. 3. 








TABLE III. RENAL FUNCTION OF CONTROLS AND Docs No. 3 AND No. 4 LATE IN THE 
POSTOPERATIVE PERIOD 
—s ——s | { ee | aioe CNa CK 
’ ’ MAX. —7. sas. = 
AV. WCF | AV. RPF | AV. FF | MAX. T°H,0O MAX. TGs wCl 
Controls 
No. 411 78.0 211.3 Bi.a 7.3 9.34 54.60 
No. 412 83.8 179.1 47.0 4.73 5.04 37.70 
No. 3 
6 mo. postop. 20.5 83.2 24.3 0.59 30.05 133.40 
10 mo. postop. 42.7 160.2 27.3 1.48 6.93 91.95 
No. 4 
6 mo. postop. 84.5 214.6 41.9 4.59 9.63 26.26 
10 mo. postop. 75.2 223.9 33.9 3.44 3.61 65.59 








Dog No. 8 was studied preoperatively and postoperatively on 5 occasions 
(Fig. 8). Preoperatively this dog was able to concentrate his urine to a maxi- 
mal T*n,0 of 7.85 with a filtration rate, renal plasma flow, and filtration frac 
tion within normal limits. The osmotic U/P ratio dropped to a value of 1.58 
as the urine flow increased. The percentage of filtered sodium and potassium 
exereted CnNa/wCr and Ck/wCr was normal. 

One week postoperatively the dog was unable to concentrate his urine, and 
at high urine flows had an isosmotie urine with a T°H.o of 0.0 and an osmotic 
U/P ratio of 1.0. At this time, both the renal plasma flow and the filtration 
rate had fallen off, but almost to the same degree, so that the filtration fraction 
was only slightly lower than the preoperative level. The percentage of filtered 
potassium excreted had risen rather markedly, possibly due to a general state 
of catabolism. 

Four weeks postoperatively the animal was able to concentrate his urine 
to a maximal T°H.0 of 4.82, which was still less than the preoperative value. 
Filtration rates and renal plasma flows returned to the normal range for this 
dog with a normal filtration fraction. 
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At ten weeks the ability to produce a concentrated urine decreased so 
that the maximal T°H.o was 2.7. The average filtration fraction became ele- 
vated, 39.2, due to a relatively greater drop in renal plasma flow than in filtra- 
tion rate. 

At fifteen weeks postoperatively each kidney was studied separately to 
ascertain the extent of renal impairment. It is interesting to note that, al- 
though the right kidney was able to produce greater volumes of urine, this 
urine contained less solute, so that T°H.0 was lower than that produced by the 
left kidney. This points out the fact that, clinically, urine volume per se is 
not a good eriterion or renal function. The renal plasma flow and filtration 
rate were somewhat lower on the right side than on the left. The filtration 
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Fig. 8.—Changes in renal function in Dog No. 8, following an aortic homograft including 
the renal arteries, with total right renal ischemia of seventy-three minutes and left renal 
ischemia of forty-eight minutes. wCf, Creatinine clearance or glomerular filtration; RPF, renal 
plasma flow; FF, filtration fraction = wCf/RPF; T¢H.0, tubular absorption of water; CNa, 
clearance of sodium; CK, clearance of potassium. 


fraction was only very slightly lower. The percentage of filtered potassium 
excreted was higher on the right side than on the left. All these data point 
to the faet that the right kidney was unable to carry out its normal function 
as well as the left kidney. This may be explained in part by the fibrotic constric- 
tion at the site of the right renal artery anastomosis and the longer period of 
total renal ischemia. The investigations of renal function’ ® following two 
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hours of total ischemia by clamping the renal artery are of interest in this re- 
gard. These studies indicate a remarkable tolerance of the kidney for this 
type of injury. 


y 


SUMMARY 

1. The technical procedure for homografts of the abdominal aorta including 
the renal arteries has been described. 

2. Renal function studies were carried out to elucidate the mechanisms 
and changes involved immediately after such an operative procedure, as well as 
during the recovery period. 

3. The major technical problem related to the small size of the renal 
arteries. 

4. When the renal artery anastomosis remained patent there was a good 
recovery of renal function after periods of total ischemia up to eighty minutes. 


We wish to acknowledge the assistance of Miss Betty Joseph, Major Nichols, Lt. 
Davis, M/Sgt. Cheatham, T/Sgt. Cyr, T/Sgt. Beckman, and Mr. Netter. 
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THE TREATMENT OF VENTRICULAR FIBRILLATION IN THE 
HYPOTHERMIC ANIMAL 


AN EXPERIMENTAL STUDY 


JEROME Harotp Kay, M.D., AND Roperr A. GAERTNER, M.D., BETHESDA AND 
BALTIMORE, Mb. 


(From the Clinic of Surgery, National Heart Institute, Bethesda, Md., and the Department 
of Surgery of the Johns Hopkins University and Hospital, Baltimore, Md.) 


<, pees the early work of Prevost and Battelli® in 1898 and the confirmation 
of their work by Hooker, Kouwenhoven, and Langworthy* in 1933, the use 
of electric shock has become an accepted procedure for the treatment of ven- 
tricular fibrillation in the normothermic animal. In recent years there have been 
reports on the success of this method in the human being as well as in the 
experimental animal. The treatment of ventricular fibrillation in the hypo- 
thermic animal, however, has not met with the same success. Because of the 
reported difficulty in defibrillating the hypothermic heart, the following study 
is being reported. 
METHOD 


A large series of dogs weighing 21 to 40 pounds were anesthetized with Pentothal or 
ether. An endotracheal tube was inserted and the animals were hyperventilated with 100 
per cent oxygen administered by a pneophore. The animals were placed in an ice water 
bath of 2° C. to 4° C. The smallest quantity of ether or Pentothal that would prevent 
shivering was used. It usually required thirty to sixty minutes to cool the animals. They 
were rewarmed in a water bath at 45° C. and this took forty-five to ninety minutes. The 
time depended upon the size of the animals and the degree to which they were cooled. The 
dogs were cooled to a rectal temperature of 25° C. to 34° C. These temperatures usually 
dropped another 2° to 5° C. during the operative procedure. 

Various procedures and techniques were employed in these animals. Only those thirty 
dogs in which ventricular fibrillation developed are being reported in this paper. The electrical 
defibrillator described by Kouwenhoven and Kay® was used for defibrillation of the heart. 

In the first group of eight dogs the animals were cooled to between 25° and 32° C. A 
right thoracotomy was performed and the superior vena cava, inferior vena cava, and azygos 
vein were temporarily occluded for eight to sixteen minutes. A right ventriculotomy was 
performed and a figure-of-eight suture was placed in the interventricular septum and tied. 
The incision in the right ventricle was closed just prior to releasing the cavae and azygos 
vein. The conditions in the second group of nine dogs differed from those in the first group 
only in that epinephrine hydrochloride was used as an adjunct to electrical defibrillation. In 
both groups ventricular fibrillation usually occurred during caval occlusion. 

The third group consisted of eight dogs in which pulmonary stenosis was produced. 
The technique consisted of cooling the animals to between 29° and 31° C. The left chest 
was opened through the left fourth interspace. The cavae, azygos vein, and distal pulmonary 
artery were occluded for periods of eight to eleven minutes. The pulmonary artery was 
opened and pulmonary stenosis was produced by suturing the cusps. The incision in the pul- 
monary artery was closed. Ventricular fibrillation usually occurred shortly after release of 
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the caval occlusion, This was treated by electrical defibrillation with the antecedent use of 
epinephrine hydrochloride. 

The fourth group consisted of five dogs in which hypothermia was combined with 
carotid and coronary artery perfusion. These animals were cooled to between 30° and 34° ©. 
and oxygenated blood was perfused into the arch of the aorta. The cavae, azygos vein, and 
thoracic aorta were occluded and the right ventricle was opened for nineteen to twenty-nine 
minutes. The only blood allowed to return to the right side of the heart was through the coro 


nary sinus and Thebesian veins. These five animals developed ventricular fibrillation during tli 


perfusion or shortly after release of the cavae, If ventricular fibrillation occurred during 


perfusion, epinephrine hydrochloride was not used as an adjunet to electrical defibrillation. 


RESULTS 

In the first group of eight dogs the heart was massaged for two to three 
minutes; then defibrillation for 0.25 second with 130 volts was attempted. 
Three of these dogs were defibrillated on the first attempt. The other five 
required further massage followed by one more shock or serial defibrillation. 
Four of the eight dogs were long-term survivors. The other four died within 
twenty-four hours after rewarming. Consolidation of all lobes of the lungs 
was noted at autopsy. 

In the second group of nine dogs 2 to 3 ¢.¢c. of 1:10,000 epinephrine hydro- 
chloride was injected into the left ventricular cavity to assist defibrillation. In 
two of these animals several attempts at electrical defibrillation were unsuccess- 
ful until epinephrine hydrochloride was used; then a single shock defibrillated 
both. In five animals the epinephrine hydrochloride was injected into the left 
ventricular cavity, and the heart was massaged and electrically defibrillated on 
the first attempt. In the remaining two animals serial defibrillation was nec- 
essary following the use of epinephrine hydrochloride. Five of these nine 
animals died within thirty-six hours. The remaining four survived to be sae- 
rificed at a later date. 

All eight animals in Group 3 were defibrillated with epinephrine hydro- 
chloride, cardiae massage, and electrical shock. Three were defibrillated on the 
first attempt. The remaining five required several attempts at serial defibrilla- 
tion. Four of the dogs died within the first forty-eight hours. The remaining 
four animals are to be studied and reported subsequently. 

In Group 4, three of the hearts fibrillated after completing perfusion. ‘Two 
of these animals were defibrillated on the first attempt using epinephrine hydro- 
chloride, massage, and electrical means. The third heart required several shocks. 
In two animals the heart was defibrillated while the ventricle was still open and 
the heart was being perfused. It was not necessary to massage these hearts be- 
fore attempting defibrillation because they were receiving oxygenated blood un- 
der a mean pressure of 90 mm. of mereury. The ease with whieh it was possible 
to defibrillate these two hearts without the use of massage or a stimulant was 
impressive. Three of these five dogs died within twenty-four hours and two are 
still alive. These, along with a larger series, will be reported at a later date. 
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DISCUSSION 

Bigelow, Lindsay, and Greenwood! were unable to revive any cases of 
ventricular fibrillation or ventricular standstiJ]l permanently by using epineph- 
rine hydrochloride, barium chloride, digitalis, Coramine, or electric shock. 
They could, however, revive a few by the rapid removal of venous blood followed 
by cardiac massage and rewarming. In 1953, Swan, Zeavin, Holmes, and 
Montgomery’® stated that electric shock and massage were ineffective in their 
hands in the defibrillation of hypothermic hearts. By the use of a potassium 
solution it was possible for the first time for them to defibrillate the cold heart. 
In 1954, Swan and Zeavin® again reported that electrical defibrillation was of 
little value in their laboratory in the hypothermic animal and therefore they 
used chemical defibrillation. They also stated that epinephrine hydrochloride 
should never be used in any situation in the hypothermic subject. In a subse- 
quent article in 1954, Montgomery, Prevedel, and Swan? reported their inability 
to defibrillate any of eleven animals with massage and electrical defibrillation. 
With coronary perfusion of Prostigmine all eleven animals were readily con- 
verted with electric shock. Cookson, Neptune, and Bailey? have stated that no 
difficulty is experienced in defibrillating hypothermic hearts provided it is at- 
tempted immediately. If they failed after two attempts at defibrillation 1 c.c. 
of 1:4,000 epinephrine hydrochloride was injected into the left ventricle, the 
heart was vigorously massaged for one minute, and electric shock again applied. 
Kirby, Jensen, and Johnson® produced ventricular fibrillation with a 10 volt 
shoek in animals cooled to 26° C. The heart was allowed to fibrillate for four 
minutes and was then compressed for two minutes. Using 220 volts at 0.1 
second they defibrillated the hearts. In some instances it was necessary for them 
to use epinephrine hydrochloride or calcium chloride to assist in defibrillation. 
They were able to defibrillate all of the hearts but presented evidence to show 
that it was more difficult with the hypothermic than with the normothermic 
animal. Our results are similar to those of Cookson, Neptune, and Bailey, and 
Kirby, Jensen, and Johnson in that we were able to defibrillate the hearts in all 
of the hypothermic animals. The rectal temperatures of our animals varied 
from 21°C. to 31° C. at the time of defibrillation. Several points should be 
emphasized. At these temperatures it seemed to be slightly more difficult to 
defibrillate the hypothermie than the normothermic heart. However, during 
perfusion with oxygenated blood it was easier to defibrillate the hypothermic 
heart. This was noted in two experiments cited in this paper as well as others. 
It is difficult to defibrillate hypothermic hearts after long periods of caval and 
azygos vein occlusion. This is probably due as much to the eardiae hypoxia 
and anoxia as to the hypothermia. This same difficulty is noted in normothermic 
animals with inflow occlusion for long periods of time. However, even after the 
production of an acute pulmonary stenosis associated with eight to eleven min- 
utes of eaval and azygos occlusion, we were able to defibrillate all the hypo- 
thermie hearts. 

The technique that we found mest useful is as follows: The heart is 
massaged at the rate of fifty times per minute* for one to two minutes. If the 
heart has good tone, electrical defibrillation is attempted. If it is still flabby 
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and has poor tone, then 2 to 3 e.ec. of 1:10,000 epinephrine hydrochloride are 
injected into the left ventricular cavity. The heart is massaged for another one 
to two minutes. The ventricles should be small, firm, pink, and have excellent 
tone. If not, the stimulant is repeated and the heart again massaged. Usually, 
one to two injections will suffice. Electrical defibrillation is then attempted 
by placing the electrodes on the right ventricle immediately beneath the right 
auricular appendage and on the left ventricle at the apex of the heart. A 130 
volt shock of 0.25 second duration is passed through the heart. If the single 
shock fails, a series of six to eight shocks with a one-second interval should he 
used. If a series of six to eight shocks fails, then one should again massage the 
heart for a minute or two. If the heart is still flabby more epinephrine hydro- 
chloride should be injected into the left ventricular cavity and followed by 
massage. It is imperative that the heart have good tone before attempting 
electrical defibrillation. Using this method we were successful in defibrillatine 
all the animals. Too large a dose of epinephrine hydrochloride should not be 
injected at one time or it may make defibrillation more difficult. 


SUMMARY 


¥ 


A large series of dogs were cooled to a rectal temperature of 21° C. 
31° C. These animals had caval and azygos occlusion for eight to twenty-nine 
minutes and were subjected to a right ventriculotomy or pulmonary arteriotomy. 
Thirty of these animals developed ventricular fibrillation during the period of 
occlusion or shortly thereafter. All the hearts were defibrillated successfully 
by electric shock. Some of the hearts were defibrillated by using cardiac mas- 
sage for several minutes followed by electrical defibrillation with 130 volts for 
0.25 second. Those hearts that could not be defibrillated by this method re- 
sponded to the injection of 2 to 3 ¢.. of a solution of 1:10,000 epinephrine 
hydrochloride into the left ventricular cavity, cardiac massage for one to two 
minutes, and electrical defibrillation. 


to 
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THE REVASCULARIZATION OF THE KIDNEY 


Yate J. Katz, M.D., Pu.D.,* DoNnaLp W. Hannon, M.D., JoHN F. ALDEN, M.D., 
AND IvAN D. Baronorsky, M.D., Pu.D.,** Sv. PAUL AND MINNEAPOLIS, 
MINN., AND Los ANGELES, CALIF. 


(From the Ancker Hospital Surgical Research Laboratory, the Departments of Surgery and 
Internal Medicine, University of Minnesota, and the Department of Medicine, 
University of Southern California) 


ECENTLY Baronofsky and associates! used a blind loop of intestine as a 

donor of blood vessels for the revasecularization of the heart. The purpose 
of this report is to describe studies applying this principle to the revasculari- 
zation of the kidney. 

In the past, omentum,?* muscle,” * and spleen* have been used to achieve 
an adventitious vascular connection with the kidney. The resulting vascular 
connections were limited in size and degree, and the application of these pro- 
cedures for the amelioration of hypertension and renal insufficiency has been 
disappointing. ° 

Beeause of the high degree of vascularity of the gut, it was felt that a good 
aecessory blood supply to the kidney might result from the fusion of the 
deserosalized gut to the deeapsulated kidney. 


MATERIALS AND METHODS 


Fasting mongrel dogs, weighing between 20 and 50 pounds, were anesthetized with 
intravenous Nembutal and the abdomen was opened through the midline. The small bowel 
was transected and the stoma of the distal segment was closed with interrupted purse-string 
type sutures. The continuity of the bowel was re-established by an end-to-side anastomosis 
of the Roux Y type, between the stoma of the proximal bowel and the distal segment of 
bowel, twelve inches from its closed end (Fig. 1). By this procedure a highly vascular limb, 
or ‘‘loop’’ of bowel was prepared. The serosa was stripped from half the circumference 
of the terminal four inches of the bowel segment. The lateral half of the kidney capsule 
was removed, and the exposed kidney cortex was lightly crosshatched. The surface of the 
gut from which the serosa had been removed was applied to the exposed kidney cortex, using 
interrupted silk sutures between the lateral edges of the gut and the rim of the remaining 
kidney capsule. Early in the study the bowel limb was doubled back and sutured into a 
‘‘U’? before application to the kidney (Fig. 1). More recently, a straight segment of 
bowel was used. Segments of duodenum and colon were similarly sutured to the kidney 
without interrupting their continuity (Fig. 2). 

Food was withheld for twenty-four hours postoperatively, and 0.3 Gm. streptomycin 
and 300,000 units procaine penicillin were injected intramuscularly daily for two days after 
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Development of vascular communication between kidney and gut was observed by in 
jection studies in autopsy and surgical specimens. The appropriate branch of the mesenteric 
artery was injected with diluted India ink and followed with a thin suspension of barium 
sulfate. The hilar kidney vessels were observed for the appearance of the injected agents. 
Radiographs of the kidney were taken after the barium sulfate injection into the intestinal 
vessel to visualize vascular communication between the intestine and the kidney. 
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Fig. 2.—Diagram of procedure for nephrocolonopexy. 
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In several instances India ink was injected into the nutrient artery of the segment 


during life (see Results). 

Experiments to observe kidney function after acute complete occlusion of the renal 
arteries were conducted as follows: Several weeks to months after renal revascularization the 
renal arteries were exposed through a midline incision, using intravenous Nembutal anes- 
thesia. Rubber-shod Blalock artery clamps were loosely applied to the renal arteries. The 
bladder was catheterized. A slow intravenous drip of normal saline solution was started. 
The artery clamps were tightened and indigo carmine was injected intravenously and the 
bladder urine was observed for the appearance of the dye. 


TABLE I. REVASCULARIZATION OF KIDNEY BY NEPHROCOLONOPEXY 








PRESENCE OF VASCULAR CHANNELS BETWEEN GUT 
AND KIDNEY DEMONSTRATED BY: 





BARIUM SULFATE SUSPENSION 











INDIA INK INJECTED INJECTED INTO INTESTINAL 
DURATION OF FUSION INTO INTESTINAL ARTERY ARTERY APPEARED AT RENAL 
DOG IN DAYS APPEARED AT RENAL VEIN ARTERY 
I 5 No No attempt 
II 55 Yes No attempt 
TIL 57 Yes No 
IV 68 Yes No 
V 96 Yes No 
VI 129 Yes No 





TABLE II. REVASCULARIZATION OF KIDNEY BY NEPHROJEJUNOPEXY 








PRESENCE OF VASCULAR CHANNELS BETWEEN GUT 
AND KIDNEY DEMONSTRATED BY: 
BARIUM SULFATE SUSPENSION 











INDIA INK INJECTED INJECTED INTO INTESTINAL 
DURATION OF FUSION INTO INTESTINAL ARTERY ARTERY APPEARED AT RENAL 
DOG | IN DAYS | APPEARED AT RENAL VEIN ARTERY 
Vv 5 No No attempt 
IV 17 Yes No 
IT 24 No No attempt 
VII 25 Yes Yes 
VI 35 Yes Yes 
VIII 65 Yes Yes 
IX 138 Yes Yes 
xX 13 Yes Yes 
XI 14 Yes No 
RESULTS 


Toleration of the Animal for the Procedure.—In 27 dogs 46 fusions between 
segments of intestine and kidney were prepared. In 10 instances an un- 
interrupted segment of colon was used (nephrocolonopexy), in 29, a Roux Y 
type jejunal or ileal loop was used (nephrojejunopexy or nephroileopexy ), 
and in 7, the duodenum without interrupting its continuity was used (nephro- 
duodenopexy). All animals tolerated these procedures well, except for one dog 
that died on the second postoperative day of pneumonia, and two dogs that 
died on the fifth postoperative day of evisceration in the course of a trial of 
chromic catgut for abdominal wound closure in place of silk. One dog died of 
distemper. In no ease could death be directly attributed to the procedure. 
There was some reversible weight loss. Repeated plasma urea nitrogen determi- 
nations following the revascularization procedure were within normal limits 
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of 9 to 17 mg. per cent. Urinalyses revealed no albuminuria or significant 
hematuria or pyuria. An occasional dog had microscopic hematuria several days 
postoperative. No gross hematuria was ever noted. 

Demonstration of Vascular Communication Between Gut and Kidney.— 
Injection studies: Tables I and II summarize injection studies demonstrat- 
ing vascular communication between the vessels of the intestine and the kidney. 
It should be noted that while India ink passed across both small and large 





Fig. 3.—Radiograph of barium sulfate injected nephrojejunopexy. 


bowel fusions, appearing at the renal artery as well as the vein, barium sulfate 
passed across only the small bowel fusions and appeared only at the renal 
artery. Fig. 3 is a radiograph of an excised specimen of kidney fused to small 
intestine, sixty-five days after fusion, demonstrating barium filled channels 
within the kidney. 

In four animals India ink was injected into the branch mesenteric artery 
supplying the intestinal loop applied to the kidney, and the affixed intestinal 
segment was excised. Examination of histologic sections revealed India ink 
in kidney vessels and glomeruli (Fig. 4). 
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In two animals the renal vein was eannulated and after injecting India 
ink into the nutrient vessel of the intestinal segment the India ink appeared 


in the renal vein blood. 





Fig. 4.—Photomicrograph of revascularized kidney section. 


Renal function after acute constriction: Table III summarizes three experi- 
ments* on indigo carmine excretion after acute occlusion of both renal arteries. 
in the normal dog indigo carmine appeared in the bladder in approximately 





*It was found at this point in the study that animals would survive with good renal 
function after transsection of both renal arteries. Therefore, additional acute occlusion experi- 
ments were deemed unnecessary. The results of the transection studies are to be reported 
‘n a following communication. 
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four minutes after intravenous injection. No urine formation and, of courss 


no dye exeretion occurred with complete occlusion of the renal arteries in thi 


normal control animals. 


TABLE III. AcurEeE RENAL ARTERY OCCLUSION AND INDIGO CARMINE EXCRETION 




















oo - nee | - INDIGO 
INDIGO | CARMINE 
TYPE OF RENAL ARTERY CARMINE | APPEARANCE 
DOG RENAL REVASCULARIZATION OCCLUSION INJECTION IN UTERINE 
XXI; 26 Left nephrocolonopexy on May 31,  8-3-54 2.0 ¢.c. 6:10 P.M. 
pounds, 1954; right nephroduodenopexy 5:56 P.M. 6:03 P.M. 
F, on July 24. 
XXII; 20 Right nephrojejunopexy on Aug. 7, 11-10-54 1.0 ee. 6:10 P.M. 
pounds, 1954; left nephroileopexy on 6:03 P.M. 6:05 P.M. 
F. Sept. 21. 
XXIII; 50 Bilateral nephrojejunopexy on Oct. 11-22-54 1.0 ee, 5:04 P.M.” 
pounds, 25, 1954. 4:52 P.M. 4:53 P.M. 
F, 





__*Clamping superior mesenteric and renal arteries caused cessation of dye excretion and 
urine formation. 


From these results the following conclusions may be drawn: 


1. Suturing a segment of intestine, from which the serosa has been 
removed, to the decapsulated surface of the kidney results in vascular com- 
munication between these organs in approximately two weeks. Once _ the 
channels are formed they appear to remain patent. 

2. The size of the vascular channels in excised specimens appears to 
depend upon the segment of bowel used and its manner of preparation, as the 
loop of small intestine, but not the uninterrupted segment of colon, provides 
channels large enough for the passage of barium sulfate from the intestinal 
to the kidney vessels. 

3. While injection studies in excised specimens do not point to the 
direction of flow in life, continuing renal funetion after acute clamping sug- 
gests a functional potentiality of the newly aequired blood supply. The 
transit of India ink from the intestinal vessel to the renal vein suggests that 
the direction of blood flow is from the intestine to the kidney. 


DISCUSSION 


The production of an adequate accessory peripheral renal blood supply 
by the method deseribed may have application in the amelioration of several 
types of renal disorders. 

In renal arteriosclerosis intrusion of a fresh blood supply between the 
point of vessel alteration and the nephrons may prove to have a_ beneficial 
effect on renal funetion and associated hypertension. Whether such proves 
to be the ease will depend upon the adequaey and point of entry of the new 
blood supply into the renal vascular tree. It is not beyond reason to anticipate 
that tropie factors will direct the revascularization process to the point of its 
greatest need. 
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The granular contracted kidney of middle and late glomerulo- and 
pyelonephritis, that bleeds so sparingly when a renal biopsy is taken, may 
well be benefited by additional blood supply to its periphery. To be sure, 
nephron regeneration is not to be anticipated, but augmentation of the function 
of the remaining nephrons may result from additional renal blood flow. Studies 
to elucidate these questions are in progress. 

While endarterectomy appears a procedure of promise for obstructive 
renal artery disease, the described procedure may have use in this condition 


as well. 
SUMMARY 


1. Fusion between the decapsulated kidney and segments of gut results 
in the development of vascular connection between the vessels of the intestine 
and the kidney. 

2. India ink injected into the mesenteric vessel of the colon and the small 
intestine enters the kidney and reaches the glomeruli. 

3. Barium sulfate injected into the mesenteric vessel enters the kidney 
only in the instances of small bowel fusions. The barium filled intrarenal 
vessels may be visualized in radiographs. 

4. Dogs tolerate these fusions well, without developing either renal or 
gastrointestinal insufficiency. 

5. Some observations indicating either an actual or potential functional 
capacity of this new blood supply have been presented. 

6. Possible application of this procedure in the amelioration of renal 


disease is discussed. 
The assistance of Dr. Joseph L. Sprafka in preparing several nephrocolonopexies, and 
Dr, Donald Gleason for the histologic sections and encouragement, is gratefully acknowledged. 
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STRANGULATION OBSTRUCTION: ANTIBIOTIC PROTECTION 
IsiporE Coun, JR., M.D., D.Sc. (Mep.), New ORLEANS, La. 


(From the Department of Surgery, Louisiana State University School of Medicine) 


pPsirigyr oe have assumed a larger role in recent thinking about strangula 
tion obstruction. If bacteria are as important as some authors sug- 
gest," °° 7° proper antibiotic therapy should solve some of the problems of 
strangulation obstruction. 

To a limited extent this has been true, for survival in experimental 
strangulation obstruction has been increasing recently. Adequate blood, 
plasma, and electrolyte support’ and postoperative penicillin have extended 
survival. Longer survival was obtained by Cohn, Gelb, and Hawthorne® * 
by combining preoperative bowel preparation with postoperative antibiotics. 
However, the animals reported by these workers did not survive. 

When Cohn, Gelb, and Hawthorne* found that the intravenous dose of 
Aureomycin used by them could be fatal, they suggested that antibiotics 
might be more successful if a nontoxie route of administration could be found. 

A nontoxic route for the administration of antibiotics has now been found 
and is reported here. By its use survival has been obtained in strangulation 


obstruction. 
METHODS 


Dogs weighing between 10.6 and 14.5 kilograms were used. 

Preoperative preparation (Table I) was standardized as follows: 
biscuits were allowed for six days prior to surgery; (2) vitamins B, C, and K, and thiamin 
were given in large intramuscular doses daily; (3) Aureomycin was given in 1.5 Gm. oral, 
divided daily doses for six days preoperatively; (4) penicillin was given in 300,000 unit 
doses intramuscularly for two days preoperatively. Food was withheld eighteen hours 
prior to surgery, and water three hours prior to operation. 

Operations, using aseptic techniques, were performed under intravenous Nembutal 
anesthesia (Fig. 1). The bowel was divided 75 per cent of the distance from the liga 
ment of Treitz to the cecum, to give a small bowel obstruction at a comparable location 
in all animals. The two ends were closed with Parker-Kerr sutures after cultures were 
taken from the lumen. Aureomycin (750 mg. in capsule form) was placed in the portion 
to be strangulated. The two segments of bowel were approximated to prevent intussuscep 
tion of the distal segment. A plastic tube, inserted in normal bowel, was threaded into 
the portion to be strangulated. The other end was exteriorized for postoperative admin 


(1) water and dog 
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istration of antibiotics. A 30 em. segment of the proximal bowel was strangulated by 
isolating, dividing, and ligating all its veins. The vessels parallel to the bowel at each 
end of the segment were divided and ligated. Latex tubes were placed in the peritoneal 
cavity for the postoperative collection of peritoneal fluid. 


TABLE I. PREOPERATIVE PREPARATION 








Fluids Water, ad libidum 

Food Dog biscuits only 

Vitamins, 4 days B, C, K, intramuscularly 
Aureomyein, 6 days 1.5 Gm. daily, oral 

Penicillin, 2 days 300,000 units, intramuscularly 











Proximal 
bowel 


Distal 
. bowel 









Fig. 1.—Diagram of operative procedure, showing division of bowel, closure of two ends, 
and approximation of distal and proximal bowel by single suture. Strangulation of stippled 
30 em. segment of proximal portion by division and ligation of all its veins and the vessels 
parallel to bowel at each end of selected segment. Plastic tube enters bowel in viable part 
of obstructed bowel and is threaded into strangulated part. Other end of plastic tube is 
exteriorized for administration of antibictics. 


Postoperatively, peritoneal fluid was aspirated at intervals and studied for specific 
gravity, hemolysis, white cell counts, and bacteriologic content. Blood specifie gravity 
and white cell counts were also determined at intervals. 


TABLE II. POSTOPERATIVE ANTIBIOTICS 








Aureomycin 250 mg. q. 4 h. x 12, 
into strangulated segment then: 
500 mg. q. 8 h. 


Penicillin 300,000 units, intramuscularly, b.i.d. 





Aureomycin was dissolved in 10 to 15 ml. of sterile saline solution and injected into 
the strangulated segment through the plastic tube according to the schedule: 250 mg. 
every four hours for the first forty-eight hours, then every eight hours until reoperation. 
Penicillin was given twice daily in intramuscular doses of 300,000 units (Table II). The 
postoperative antibiotic schedule was selected empirically to give a maximum level during 
the first forty-eight hours when it was thought that the greatest need existed. 
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RESULTS 


Five dogs were subjected to this experiment. All survived to be reoper- 
ated upon from 118 to 142 hours following strangulation. The time for re- 
operation was selected as follows: (1) elapsed time should exceed the pre- 
vious maximum survival in strangulation obstruction, which was 116 hours? *; 
(2) the elinical condition of the animal should be well stabilized so that fur- 
ther observation would be expected to yield little additional information; 
(3) the possibility of death due to electrolyte imbalance as a result of inade- 
quate facilities for electrolyte studies or to nutritional deficiency, which be- 
came a real problem, should not complicate the results unnecessarily; (4) 
examination of the strangulated segment at reoperation indicated that the 
danger of death from strangulation had passed and that further observation 
would merely permit further return of the bowel toward normal without con- 
tributing to the understanding of strangulation obstruction. 

At reoperation the strangulated segment was resected and intestinal con- 
tinuity restored in three animals, which survived for three to nine months. 
Two were sacrificed for immediate pathologie study. 

Clinical.—The animals walked about the cage and seemed to be in good 
condition. Weight loss became more severe as time progressed, because it was 
necessary to supply proteins, electrolytes, calories, blood, plasma, and gelatin 
in a relatively small fluid volume. Further advances in intravenous alimenta- 
tion would probably make further prolongation between operations possible 
if this were of any value. 

Vomiting ranged from two to nine episodes. Hematemesis, which oc- 
curred in only two dogs, occurred before recovery from anesthesia in both. 

Temperature and pulse curves were not revealing. 

Bacteriology—The bowel lumen was cultured at the first operation in 
every experiment (Table III) with emphasis on the detection of Clostridia. 
Clostridia were found in none. 


TABLE III. BACTERIOLOGY OF THE BOWEL LUMEN AT OPERATION 








No. 15 Proteus vulgaris 

No. 56 No Clostridia 

No. 5 Nonhemolytic, Gram-negative rods 

No. 62 Staphylococcus albus, E. coli 

No. 65 Alpha and beta streptococcus, staphylococcus 





The peritoneal fluid was cultured in two experiments. 

Hemolytie E. coli were found in one. No organisms were found in the 
other. 

Peritoneal Fluid—The peritoneal fluid was pink, coagulable, and odor- 
less throughout these experiments. It never became dark, foul-smelling, or 
as hemolyzed as in experiments without antibioties.’ 

White Cell Counts—The white cell count of the blood rose to a peak in 
the first twenty-four to forty-eight hours (Table 1V, Fig. 2). It declined 
slightly after this and then rose slightly before reoperation. 

The white cell count of the peritoneal fluid rose steadily. 
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TABLE LV. Wuitre CELL Count (IN THOUSANDS) 





























pOG NO. 15 — 56 57 | 62 
Hours | BL. | P.F. BL. | PF. BL. | PF. | BL. | P.F. 
Control 5.9 23.4 10.8 17a 

4 $3 5.6 3.6 Re 
12 33.6 13.2 12.9 
20 to 22 54.9 Dh | 53.0 14.4 
23 to 24 48.1 58.8 25.8 42.6 
32 to 36 10.9 57.7 79.0 24.7 30.1 
45 to 50 44.1 13.4 91.8 27.6 209.5 33.9 15.7 
60 38:7 119.5 58.2 
68 to 70 27.1 19.9 79.5 71.0 34.7 195.5 
83 to 84 249.0 96.0 50.8 
92 to 96 43.6 33.9 210.8 233 274.8 24.0 132 
116 to 118 15.6 22.3 63.6 234.0 23.0 131.8 
122 21.6 386.0 
ne WHITE CELL COUNTS 
274,750 386,000 
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HOURS — POSTOPERATIVE 


Fig. 2.—Scattergraph of white cell counts of blood and peritoneal fluid. Lines represent 
average values. (From Surgical Forum of American College of Surgeons, 1953, W. Bb. 
Saunders Company. ) 


FLUID BALANCE 

Fluid administration was determined by measurement of output and 

periodic hemoglobin and hematocrit determinations. The adequacy of fluid 

therapy was demonstrated by the satisfactory output and the relatively con- 

stant values for hemoglobin and hematocrit. Comparisons with other experi- 

ments were based on the common denominator of milliliters per kilogram 
per twenty-fours hours (Tables V and VI, Figs. 5 and 4). 
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: Figs. 3 and 4.—Fluid balance comparisons of comparable series of strangulation-ob- 

struction experiments. Height of bars represents range of values. Line represents average 

yale, (From Surgical Forum of American College of Surgeons, 1953, W. B. Saunders 
mpany.) 
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Total blood requirements were reduced from 660 to 1,085 ml. in the non- 
antibiotic series to between 200 ml. and 875 ml. per animal in this series. Th¢ 
differences were more obvious on the basis of milliliters per kilogram per 
twenty-four hours, values in the present series varying from 2.98 to 11.1, as 
compared with a range of 24 to 72 ml. per kilogram per twenty-four hours in 
the nonantibiotie series. 

Electrolyte and gelatin replacement were also reduced, showing that no 
attempt was made to substitute these solutions for blood. Electrolyte ad- 
ministration was approximately one-fourth that in the nonantibiotic series 
and one-third that in the previous antibiotic series. 

The maximum peritoneal fluid output in this series, 229 ml., was only 
about one-third the minimum output, 603 ml., in the nonantibiotie series. Con- 
trasts were even greater on the basis of milliliters per kilogram per twenty- 
four hours, the average output here being 1.7, against 60.3 ml. per kilogram 
per twenty-four hours in the nonantibiotie series. 

Urine and vomitus were approximately 40 per cent of the average values 
in either of the previous series. As a result total output was lower in this 
series than in either of the other series. 


STRANGULATED SEGMENT 


The appearance of the strangulated segment on the serosal and mucosal 
surfaces contrasted with the appearance in animals not protected with anti- 
bioties (Fig. 5). In spite of complete venous strangulation at the first opera- 
tion (Fig. 6), this segment of bowel appeared to be essentially normal at re- 
operation (Fig. 7). The segment was thicker and shorter than at the time of 
strangulation. These changes were due to contraction of the muscular wall 
and to hemorrhage and edema in the segment following strangulation. 

The mesentery of the strangulated segment showed less hemorrhage and 
edema than in experiments where antibiotics were not used. Occasional small 
vessels in the mesentery of the strangulated portion must have represented 
either new vessels or vessels that were too small to see at the first operation. 

The mucosa of the strangulated bowel was indistinguishable from the 
normal (Fig. 8). The retention of normal mucosal appearance was quite dif- 
ferent from the destruction in nonantibiotie experiments. 


MICROSCOPIC APPEARANCE 


The normal gross appearance of the strangulated segment was confirmed 
by microscopic examination. Histologic study showed the differences between 
this series (Fig. 9) and the series in which antibioties were not used (Fig. 10). 

Bacteria were rare in these sections but were numerous in the series with- 
out antibioties. 

The muscularis showed some hemorrhage in all experiments. 
no loss of orientation of the muscle fibers. Muscle cells and nuclei were normal. 

In the submucosa there was limited edema, but no hemorrhage. 

The mucosa showed the least change of all and was considered normal. 
Epithelial cells were in various stages of secretory activity, cell outlines were 
quite distinct, nuclei were normal, and the general outline and pattern of the 
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Fig. 16. 

Fig. 9.—Microscopic appearance of bowel after 143 hours of strangulation obstruction. 
Hemorrhage and congestion in muscularis, but structure of entire section relatively normal. 
Particularly notable is normal condition of the mucosa. 

Fig. 10.—Microscopic appearance of bowel subjected to strangulation obstruction with- 
rut antibiotic protection, for comparison with Fig. 9. The muscosa, on the right, and the 
——— muscle fibers to the left, give some idea of the severe derangement of the entire 
section. 
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layer were well within normal limits. The preservation of funetional and 
structural normaley demonstrates the ability of antibiotics to protect bowel 
that has been deprived of its blood supply. 
DISCUSSION 

Preoperative bowel sterilization combined with direct intraluminal post- 
operative antibiotics achieved survival for the first time in experimental 
strangulation obstruction (Fig. 11). Antibiotic therapy was the only differ- 


ence from previous series. 














160 - 9 
« 4 
140 + B- Average Survivol a 
. HE - Minimum Survive! ’ 
120 5 z 
o 7 @- Moximum Survivol = 7 
« < 
> « 
° w 
=z $ j 
a 
a « “ 
4 
> ° 
> loa 
e a 
> yn 
ow « 
> 
6 
S$ 4 
NEMIR BLAIN COHN COHN 
HAWTHORNE KENNEDY GELB 
COHN HAWTHORNE 
ORABKIN 
Fig. 11.—Survival in strangulation obstruction, with comparisons of minimum, maxi- 
; (From Surgical Forum 


mum, and average figures for four comparable experimental series. 
of American College of Surgeons, 1953, W. B. Saunders Company. ) 


The omentum was not removed in most of this series because it is rarely 
absent in patients who have strangulation obstruction and because it was 
desirable to know if survival could be obtained in strangulation obstruction 
even with whatever additional assistance the omentum would afford. The re- 
sults showed it was not the critical factor, since one animal survived without 
the omentum, one animal survived without any adhesions to the omentum, 
and in two animals adhesions were of limited extent. 

The lower incidence of vomiting and hematemesis in these animals con- 
tributed to their better general appearance in comparison with animals not 
receiving antibiotics. The nutritional problem was more difficult since the 
animals survived longer. Since the changes in the strangulated obstructed 
bowel were shown to be reversible, it was not thought worth while to extend 
the period of observation to a point where a nutritional death might have un- 
necessarily complicated the interpretation of results. 

Cultures of the bowel lumen demonstrated the efficacy of oral antibiotics 
in reducing the bacterial flora of the small bowel. Cultures of the peritoneal 
fluid showed that onee the flora of the bowel lumen was reduced, control of 
the peritoneal fluid flora was easier. 

The absence of those changes observed in the peritoneal fluid in earlier 
experiments without antibiotics’ was attributed to the use of antibiotics. 
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Hemolysis was never so severe as in nonantibiotic experiments. Turbid, 
purulent, or hemolyzed fluids were attributed to the presence of bacteria. The 
leukoeytie response evoked by these bacteria distinguished them from those 
in the nonantibiotic experiments, which evoked a leukopenia.* The absence 
of a change in the peritoneal fluid was one confirmation of the role of bac- 
teria in strangulation obstruction. 

The curve of the white cell count of the blood contrasted with the curve 
in nonantibiotie experiments,* but was similar to that in previous experiments 
with antibioties.2* The white cell count of the peritoneal fluid paralleled 
that in the previous antibiotic series, but was different from that in the non- 
antibiotic series. The well-maintained blood and peritoneal fluid counts sug- 
vested that the animal could combat the process with the assistance of anti- 
bioties. 

Fluid requirements in the different series of experiments should be com- 
pared on the basis of milliliters per kilogram per twenty-four hours. All needs 
and all types of output were greater in the nonantibiotie series, but the differ- 
ences in blood requirements were particularly impressive. The highest value 
in this series was often less than the lowest in the nonantibiotie series. Some 
reasons for these differences were apparent. A decrease in vomiting and 
hematemesis reduced the output and consequently decreased the needs for 
both electrolytes and blood. Peritoneal fluid was aspirated as completely as 
possible in the nonantibiotie series, while only enough was aspirated here for 
the various tests. Thus some, but not all, the reductions in fluid requirements 
could be explained. Previous experiments may have utilized excessive quanti- 
ties of blood and electrolyte solutions. Large quantities of blood were neces- 
sary to maintain a normal hematocrit in nonantibiotic experiments. But the 
simultaneous administration of large quantities of electrolytes may have re- 
duced the hematocrit. In addition, the dogs which received larger quantities 
of fluids vomited more. It is possible that excessive fluids, not excreted by 
the kidneys, might have stimulated gastrointestinal secretion and increased 
gastrointestinal distention, which led to vomiting, further electrolyte losses, 
and, thus, further complications. 

The reduction in hematemesis in this series and the role of bacteria in 
connection with fluid loss into a strangulated, obstructed segment of bowel 
need to be evaluated. After strangulation in an unprepared bowel, the bac- 
teria multiply rapidly and invade and destroy the bowel wall. Destruction of 
the bowel wall includes destruction of its vascular system, and, as the ves- 
sels are damaged, blood pours into the lumen. This stimulates vomiting and 
also acts as an ideal culture medium. When the bacterial flora of the bowel is 
adequately controlled, bacteria cannot multiply sufficiently rapidly following 
strangulation to cause further damage to the bowel wall. If antibacterial con- 
trol is maintained during the period of greatest anoxia of the bowel wall while 
cirenlation is being re-established by some other route, then, when bacterial 
growth does begin, the normal mucosa ean prevent invasion by bacteria. By 
holding down the bacterial flora during the critical period of decreased blood 
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supply and maintaining the delicate balance between blood supply and bac- 
terial growth in the strangulated segment, antibiotics may permit recovery 
of the involved segment of bowel. 

Control of the bacterial flora may also reduce fluid loss in strangulation 
obstruction by reducing the peritoneal fluid output which follows penetration 
of the bowel wall by bacteria and their products in nonantibiotie protected 
animals. 

The appearance of the strangulated segment at reoperation and its re- 
turn to normal both grossly and microscopically were significant findings. 
Edema, congestion, and hemorrhage in the mesentery of the strangulated 
segment were probably the result of the continued influx of arterial blood 
following the ligation of all visible venous channels. Revascularization of 
the bowel wall probably came from sites similar to those in strangulated but 
not obstructed bowel.*° In these experiments, the source of revaseularization 
would have been dilation of small vessels, the development of new vessels in 
the mesentery, and adhesions to other loops of bowel, to peritoneum, and, to 
a minor extent, to the omentum. 

Microscopically, the absence of destruction in the strangulated segment 
and the preservation of normal histologic structure were an indication of the 
important role of bacteria. 

CONCLUSIONS 


1. Oral antibioties effectively sterilized the small bowel of dogs. 

2. Antibiotics delivered through a plastic tube into a strangulated, ob- 
structed segment of small bowel maintained sterility of the bowel lumen. 

3. The peritoneal fluid from these animals remained pink, coagulable, 
and odorless throughout the period between operations, in contrast with its 
change in character in experiments without antibiotics. 

4, All types of intake and output were reduced in comparison with pre- 
vious series. 

5. Viability of the strangulated segment was maintained by the use of 
antibioties. 

6. The mucosa of the strangulated segment was normal grossly and micro- 
seopically. 

7. Survival in dogs with strangulation obstruction, achieved by the use 
of antibiotics, emphasized the importance of the bacterial phase of toxicity in 
strangulation obstruction. 
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A NEW TREATMENT FOR RESISTANT WARTS 
Report oF 300 Cases 
MARVIN D. STEINBERG, Pop.G., Pop.D., NEw YorK 33, N. Y. 


(Affiliated with the Jewish Memorial Hospital) 


A GREAT need exists for a safe, effective treatment for resistant or recur- 
rent verrucae. This is especially true for such lesions involving the 
weight-bearing areas of the foot, the subungual structures, and the hands. 
This paper applies particularly to such lesions of the mosaic and vulgaris type 
unresponsive to usual methods of treatment. 

Many tragic sequelae follow the use of x-ray therapy or radium! for warts. 
Since plantar and mosaic verrucae are particularly radioresistant, the need for 
a less hazardous treatment is apparent. 

The basie concept in abbreviated form of this new treatment utilizes gen- 
erally known elinical observations that some hyperkeratoses such as Darier’s 
disease are related to vitamin A deficiency. 

I have noted that diabeties rarely develop plantar warts and that xantho- 
chromie diabetics never develop them. Faulty utilization of vitamin A due 
to the disturbed metabolism in diabetics may result in higher vitamin A skin 
levels. Further investigations are being carried out along these lines. 

Therapy for warts with vitamin A has been attempted by the intramuscu- 
lar or oral routes with notable lack of success.” 

Since vitamin A is stored in the liver and gastrointestinal tract it was rea- 
soned that direct introduction of the vitamin into the lesion would raise the 
vitamin A skin level at the desired site without the need for enormous spill- 
over dosage from the gastrointestinal tract and liver. 

Oily solutions of vitamin A and other available vitamin A dispersions 
were used, but because of undesirable reactions a special solution was devised. 

In this new dispersion the surfactant concentration was kept at a mini- 
mum and alpha tocopherol was employed as an antioxidant to prevent destruc- 
tion of the vitamin A in the skin. A small amount of fatty oil was incorpor- 
ated as a diluent to reduce irritation and retard absorption. The formula used 
is as follows: 

Steinberg’s Solution for Verrucae* 


Vitamin A Palmitate 2.96 Gm. 
Alpha Tocopherol 0.40 Gm. 
Sesame Oil 0.60 Gm. 
Polysorbate 80 U.S.P. 10.00 Gm. 
Distilled water 4q.s. 100.00 ml. 


Received for publication July 14, 1955. ' 
*A solution will be available through Campbell Pharmaceutical Company, 79 Madison 
Avenue, New York, N. Y., under the name “Keramin Injection.” 
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This dispersion has a vitamin A activity of 50,000 units per milliliter and 
may be ampuled and autoclaved for sterilization. 

Control tests were conducted on the various ingredients of this solution 
both individually and in combination. It was only when the vitamin A was 
included that verrucae were found to uniformly regress; the other materials 
were without therapeutic effect. 

Briefly, the technique employed is as follows: The area is prepared with 
tincture of Merthiolate and then anesthetized with 2 per cent procaine or 
Xyloeaine containing 1-100,000 epinephrine (Fig. 1, needle 1). Using a tu- 
bereulin syringe, the vitamin A dispersion is injected slowly into the base of 
the verruca (Fig. 1, needle 2). The needle should be left in place after the in- 
jection is completed for one-half minute to prevent leakage. To further pre- 
vent leakage the injection can be accomplished with one needle puncture by 
replacing the procaine syringe with the tuberculin syringe containing the vita- 
min A dispersion, leaving the needle in situ. 
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Fig. 1.—Enlarged cross section diagram through a verruca in the skin showing position of 
needles for (1) anesthesia and (2) injection of vitamin A. 


The initial dosage should not exceed 0.1 ml. per square centimeter of ver- 
rucous area. The injections are given at weekly intervals and the dosage may 
be inereased to 0.2 ml. per square centimeter. Care should be taken to avoid 
intravenous injection. Usually from 2 to 8 injections are necessary. Involu- 
tion begins within a few days and after several weeks the lesions regress com- 
pletely. The papillary lines re-form and no evidence of skin alteration is pres- 
ent. Pain usually disappears after the first or second injection. The patient 
may bathe and remains ambulatory throughout the period of treatment. Only 
«. Band-Aid is applied over the needle puncture. 

In 3800 cases which I treated there were only seven failures. These 
failures could be accounted for by mechanical factors in the form of fibrous 
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or keloidal barriers due to previous treatments, preventing the vitamin from 
diffusing through the lesion or to the unusual consistency of the verrucous 
area where fissures or other openings allowed the vitamin A to escape. 

This paper is submitted as a progress report on a new treatment for a 
most troublesome and disabling dermatologic problem. It would seem at this 
writing that the need for extensive surgery, skin grafting, or x-ray radiation 
for plantar, mosaic, and other resistant verrucae may be eliminated in th 
rast majority of cases. Some eases treated involved an entire plantar surfac 
resistant to all forms of previous treatment. Following the use of this treat- 
ment the patches injected regressed rapidly and clinical cure was effected. No 
recurrences have been noted. In order to properly evaluate this treatment no 
additional therapy was given, such as padding, arch supports, paring, or 
keratolyties. In all cases the patients continued their normal activities with 
little or no discomfort. 

In addition to these cases this treatment was administered by other podi- 
atrists and physicians who treated approximately 100 additional cases with 
uniformly excellent results. 

Acknowledgments are gratefully extended to Dr. Elliot Wyer of Chas. Pfizer & Co., Inc., 
who helped supply a quantity of sterile ampules of the medicament in the later phases of this 


work; to Dr. Samuel Bender for his aid in animal toxicity studies; and to Dr. Harold Ruben- 
stein, Dr. Ben Aberman, and Mr. Lloyd Steinberg for their valuable over-all work and as 
sistance. 
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THE SURGICAL SIGNIFICANCE OF MARJOLIN’S ULCER 
WitH A Report oF THREE CASES 


Raupu J. ScHLOsseR, M.D.,* Epmunp A. Kanar, M.D.,** anp 
Henry N. Harkins, M.D.,*** SEATTLE, WASH. 


(From the King County Hospital, the Veterans Administration Hospital, and the Depart- 
ment of Surgery, University of Washington School of Medicine) 


” psenaggeig ulcer may be defined briefly as a cancer arising in a burn 
sear. It is a lesion of some historical interest. The celebrated Roman 
physician, Celsus, who lived early in the first century, observed the develop- 
ment of cancer in burn sears. In 1825, Hawkins,° an English surgeon, de- 
scribed two eases of epidermal carcinomas arising in burn scars of long dura- 
tion. However, it remained for the lucid and complete description of this 
lesion by Jean-Nicolas Marjolin’ in 1828 to erystallize the entity in the medical 
literature. Hence, use of the eponym, Marjolin’s ulcer, is common. 

Marjolin’s uleers of more bizarre origin include the Kairo-burn cancer of 
the Japanese and the Kangri-burn cancer of the natives of Kashmir, both 
occurring secondary to the use of portable warming ovens worn by these 
people. The Kang cancer of northwest China is similar in etiology (Laycock, 
1948). In each of these lesions, the common factor is the application of heat 


direetly to the skin for prolonged periods. 
The occurrence of Marjolin’s ulcer is not rare. We have seen three cases 


within a seven-month period this past year, two at the King County Hospital 
and a third at the Veterans Administration Hospital in Seattle. 


CasE 1—P. L., a 36-year-old white man, was admitted March 15, 1954, to the King 
County Hospital with a 5 by 3 em. burn sear ulcer of one year’s duration near the right 
elbow (Fig. 1, 4). Twenty-seven years ago, at the age of 9, the right arm was severely 
burned. The burn healed without skin grafting. On admission, biopsy of the ulcer demon- 
strated a squamous-cell carcinoma, medium grade (Fig. 1, B). When excision biopsy of 
palpable regional lymph nodes was negative for metastatic carcinoma, a radical excision (April 
15) of the ulcer, including the deep muscular fascia but sparing the uninvolved ulnar nerve, 
was made (H. N. H.). The surgical margins were well wide of the ulcer (Fig. 1, C) and the 
defect was closed with a split-thickness skin graft. Ten months later (Feb. 11, 1955), the 
sear was soft and pliable (Fig. 1, D) and there was normal motion at the elbow joint. 


Presented before annual meeting of Seattle Surgical Society, Feb. 4, 1955. 

_ Reviewed by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions of the authors are the result of their own 
study and do not necessarily reflect the opinion or policy of the Veterans Administration. 

Received for publication June 7, 1955. 

; *Chief Resident Surgeon, King County Hospital, and Instructor in Surgery, University of 
Washington School of Medicine. 

**Former Assistant Chief, Surgical Service, Veterans Administration Hospital, and In- 
structor in Surgery, University of Washington School of Medicine. At present in private 
practice, Tacoma, Wash. 

_***Director, Surgical Service, King County Hospital; Consultant in Surgery, Veterans 
Administration Hospital; and Professor of Surgery, University of Washington School of Medi- 


645 





646 SCHLOSSER, KANAR, AND HARKINS Surge 


A. 





B. 


Fig. 1—A, Case 1. The appearance of the lesion and burn scar near the right elbow 
when first seen. ; 

B, Case 1. Photomicrograph of a section of the malignant ulcer. Note the extensive 
pearl formation. 

















BD. 


; Fig. 1 (cont’d).—C, Case 1. The excised lesion with wide surgical margins. The skin 
248 contracted in comparison with the in vivo margins. 
D, Case 1. The right elbow ten months after surgery. The range of motion is normal. 
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Fig. 2.—A, Case 2. A Marjolin’s ulcer of the right popliteal area. 
Microscopic section of the ulcer demonstrating a typical squamous-cell car- 


B, Case 2. 
cinoma. 

C, Case 2. The right lower extremity showing the great extent of the initial excision 
and skin graft. The area of recurrence, as seen on the lower portion of the thigh, has been 
excised and skin grafted. More than 80 per cent of the graft survived but the photograph 
taken at the time of first dressing change is deceiving. 
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CASE 2.—G. B., a 44-year-old Negro woman, was admitted June 28, 1954, to the King 
County Hospital with a 11 by 15 em. popliteal burn-scar ulcer of two years’ duration (Fig. 
2, A). Thirty-two years before, at the age of 12, she had burned extensively the right lower 
extremity. After nine months of hospitalization the burn healed without skin grafting. On 
this admission a low-grade squamous-cell carcinoma was demonstrated by biopsy of the ulcer 
(Fig. 2, B). Radical resection (July 16) with margins 4 em. or more beyond the ulcer re- 
quired a transplanted muscle flap over the neurovascular bundle and a split-thickness skin 
graft to cover the defect. The graft survived well. Two months after discharge she was 
readmitted, on Oct. 17, 1954, because of an ulceronodular mass lying in the center of the 
grafted area. This lesion, a recurrent, well-differentiated squamous-cell carcinoma, was re- 
sected widely and the defect again covered with a skin graft. On March 28, 1955, another 
recurrent cancer at the same site was excised (Fig. 2, C). A right radical inguinal node 
dissection for metastatic cancer was also performed, but prognosis is almost hopeless. When 
last seen on Dee. 23, 1955, the thigh lesion was practically healed, but there were palpable iliac 


nodes on the right. Laparotomy was not done because of the patient’s cardiac status, 





Fig. 3.—A, Case 3. A Marjolin’s ulcer involving the area of the left hip. 


CASE 3.—A. S., a 33-year-old white woman, was admitted Oct. 12, 1954, to the Veterans 
Administration Hospital with a recurrent 6 by 9 em. burn-sear ulcer in the left hip area 
(Fig. 3, 4). Twenty-three years before, at the age of 10, the left lower extremity and back 
had been severely burned. The area was never skin grafted. Three years ago a posttraumatic 
ulcer developed in the same region. The lesion healed after three months but again recurred 
following trauma. When biopsy demonstrated a Grade 2 squamous-cell carcinoma (Fig. 3, B), 
the lesion was resected widely (October 18) and the defect covered with a skin graft 
(Ef, A. K.). The surgical specimen, which included the deep muscular fascia, had margins 3 
to 8 em. wide of the uleer. The graft survived well but, during the same hospitalization, 
small, unhealed areas were excised and grafted to obtain greater resilience of the graft scar 
(Fig. 3, C). As a prophylactic measure the old burn sear on the back was excised and skin 
grafted later. When last seen on March 18, 1955, she was doing very well with no sign of 
recurrence, 

DISCUSSION 


General Considerations—In a comprehensive review of the subject of 
Marjolin’s uleer, Treves and Pack (1930) estimated that in burn sears the 
incidence of squamous-cell carcinoma is 2.0 per cent and the incidence of basal- 
cell carcinoma is 0.3 per cent. Moreover, despite the greater frequency of 
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thermal injuries in young women, the occurrence of Marjolin’s ulcer is con- 
siderably higher in men. Lawrence (1952) reviewed 93 cases with burn-sear 
cancer, including those reported by Treves and Pack, and found 73 per cent of 
these cases in men and 27 per cent in women. 

Charache (1939) cited statistics of several authors to comment that car- 
cinoma of the extremity is comparatively rare. Elliott and Welton (1946) 
reported a series of 1,742 patients treated for the ordinary skin cancer. They 
found that 92 per cent of these lesions occurred on the head and neck. 





B. C. 


Fig. 3 (Cont’d).—B, Case 3. Photomicrograph of the lesion showing typical squamous- 
cell carcinoma. 


_C, Case 3. This photograph, taken during the early postoperative period, exemplifies the 
required wide excision and extensive skin graft. The healed burn scar of the back will be 
excised and skin grafted as a prophylactic measure. 


The distribution of Marjolin’s ulcer, however, is predominantly of the 
extremities. In the review by Lawrence (1952) 38 per cent of burn-sear car- 
cinoma occurred on the lower extremity, 22 per cent on the upper extremity, 
10 per cent on the trunk, and 30 per cent on the head and neck. 

Most reports concerning the usual form of burn-scar cancer stress the 
significance of the age of the scar rather than the age of the patient. Thus, a 
burn sear of infaney or childhood may terminate more readily in a Marjolin’s 
uleer than a burn sear that oceurs in adult life. 
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Glover and Kiehn (1949) stated that scars producing Marjolin’s ulcer are 
always of long duration and subject to the more or less continuous trauma of 
tension, friction, or weight-bearing. While this appears true of the ordinary 
type of burn cancer, there is a more unusual type of degenerating lesion, 
namely, the acute wound cancer. According to Treves and Pack (1930), this 
lesion develops invariably in the elderly patient on the average of four months 
from the thermal injury. These authors believed that the senile and keratotic 
skin of these elderly patients is more susceptible to carcinogenic influences, 
such as a burn, than normal skin of a younger person. 

It is of interest that none of the 34 patients of Treves and Pack with 
Marjolin’s uleer had been skin grafted. In fact, Glover and Kiehn compre- 
hensively reviewed the literature in 1949 and were unable to find a Marjolin’s 
uleer occurring in a burn that was skin grafted adequately. Case 10, reported 
later by Lawrence (1952), definitely appears to us to be an exception. This 
burn oeeurred in 1935. It was grafted immediately and remained healed 
twelve years before a Marjolin’s ulcer developed. It can be stated as a general 
rule, however, that there is an almost negligible occurrence of Maryjolin’s 
uleer when burns are adequately skin grafted. 

Etiology.—Although there are several theories as to the origin of burn-sear 
cancer, it seems logical to aecept the basic coneept of Virchow, namely, the 
irritative origin of sear cancer. An old granulating wound of a burn is subject 
to chronie infection and constant irritation. The resultant sear is thick, poorly 
vascularized, and has a thin epithelial surface which is easily abraded by rela- 
tively innocuous injuries. Persistent pruritis and infection, acute and chronic 
trauma, all are significant injuries to a burn sear. Such injuries may ultimately 
destroy the factors governing normal tissue repair and eventuate in the forma- 
tion of cancer. Conversely, the soft, pliable sear which approaches a normal 
skin texture is unlikely to undergo malignant degeneration. Lawrence (1952 
summarized his opinion of the etiology of Marjolin’s uleer by stating that it is 
influenced solely by surface phenomena, whether from abnormal vascular supply, 
repeated trauma, carcinogens in the environment, or a combination of these 
and other unknown situations. 

The origin of squamous- and basal-cell carcinoma depends to some extent 
upon the depth of the burn and on its anatomic distribution. A squamous-cell 
carcinoma usually arises from the deep burns which destroy the hair follicles 
and sweat glands, and a basal-cell carcinoma usually from the superficial burns 
where these structures are spared. In the review by Lawrenee, all of the basal- 
cell carcinomas occurred on the face and neck, and, with two exceptions, were 
shallow burns of a limited skin area. 

Pathology.—There are two clinical forms of squamous-cell carcinoma 
arising from a burn sear. The first, the more common, is the flat infiltrative 
and uleerated cancer. In contrast, the less common form is an evertent, vegeta- 
tive, papillary cancer. 

The basal-cell carcinomas in burn sears differ little from the ordinary 
rodent ulcers, 
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A Marjolin’s uleer may infiltrate muscle, tendon, and bone. Generally, how- 
ever, widespread invasion is limited because of containment of the lesion with- 
in a thick protective sear barrier, and because of the well-differentiated adult 
characteristics of the eaneer. Should the lesion extend beyond the confining 
cicatrix and gain accessible lymphatic channels, then it will spread as rapidly 
as any other epithelial carcinoma. 

In the eleven case histories described by Lawrence (1952), all malignant 
ulcers were found with an abnormal epithelium at the base and none was 
found with abnormal changes occurring in the margins only. This finding 
disputes the common concept that malignant changes arise in the margins of a 
sear ulcer. Thus, when performing biopsy on a suspicious burn-sear ulcer, one 
should inelude tissue from the base as well as from the margins. 


Treatment.—Prophylaxis against burn cancers demands adherence to 
certain principles. All deep and extensive burns should be adequately skin 
grafted shortly after the time of injury. We have a rule that skin grafting, 
when required, must be initiated within three weeks of a burn injury, with 
few extenuating exceptions. Every effort should be directed toward a pliable 
and resilient scar, especially over joints and tendons. Secondary grafting 
procedures should be employed as necessary to guarantee a sear resistant to 
future breakdown. All chronie or recurrent ulcers in a burn sear should be 
considered malignant until proved otherwise. Radical surgical excision of the 
proved Marjolin’s ulcer is the accepted form of therapy. Regional lymph 
nodes, when positive for metastatic cancer, must also be widely excised. 
Browne and co-workers (1953) summarized this as follows: In instances of 
Grade 1 carcinoma without detectable regional lymphadenopathy, a ‘‘wait and 
see’’ policy regarding node dissection may be adopted. In Grade 2 cancers, 
they felt that prophylactic node dissection is justified. However, in Grade 3, 
as well as in Grade 4 lesions, regional node dissection is routine, often combined 
with amputation when an extremity is involved. We agree with these con- 
cepts of management, and with the necessity for individualization of treat- 
ment. 

SUMMARY 


1. Three patients, aged 36, 44, and 33 years, respectively, are presented, 
each with a Marjolin’s uleer. 

2. Marjolin’s uleer, in contrast to the ordinary skin cancer, is seen most 
frequently on the extremities. All three of our patients had lesions involving 
an extremity. 

3. In the usual type of burn cancer, the age of the scar is more important 
than the age of the patient, although rare exceptions do oceur. Our patients 
developed the cancer 27, 32, and 23 years, respectively, after the burn. 

4. Biopsy of suspicious burn ulcers should inelude tissue from the base as 
well as from the margins. 

5. The treatment of Marjolin’s ulcer ean be divided into prophylactic and 
definitive phases. The prophylactic phase is largely concerned with adequate 
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skin grafting of the original burn defect and the definitive phase with surgical 
excision of the lesion with or without regional lymph node dissection. 


None of our patients had been skin grafted following the burn; all three 


were treated by radical surgical excision of the carcinoma. 


~t 
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REPAIR OF TRACHEAL AND ESOPHAGEAL DEFECT BY USE OF A 
PEDICLE GRAFT 


Ra.eicH R. Ross, M.D., Austin, TEX. 


URING the last several years, an enormous amount of work has been done, 

experimentally and clinically, in attempts to repair the walls of and to 
restore an intact lumen to tracheal and esophageal defects. 

Taffel’ in 1940 successfully used free fascial grafts to repair small full- 
thickness segments of the trachea and bronchi in dogs. Others?® used such 
substances as glass, stainless steel or Vitallium tubes, polyethylene tubing, 
gelatin sponge, skin-covered wire mesh, autografts, and so forth. These met 
with varying degrees of success. Resection of complete segments of the trachea 
and bronchi with end-to-end anastomosis®* has been successful where the gap 
to bridge has not been over 2 or 3 em. 

Defects in the esophagus have been treated primarily by direct suture 
methods. However, wire mesh covered with fascia,? or covered with a split 
thickness of skin,> metal and plastic tubes,’® skin tubes,’! and intestinal substi- 
tutes’® have been used experimentally and clinically to restore defects of the 
esophagus. 

Clinically, direct suture of defects of the trachea and bronchi is carried 
out often. Resection with end-to-end anastomosis®**® has been reported with 
increasing frequency. Metal and plastic tubes,** fascia and skin-covered 
wire mesh,° skin flaps,’* and wire-enforeed dermal grafts’ have all been used 
with varying degrees of success. The latter, as described by Gebauer, has been 
used with great satisfaction. 

Penton and Brantigan’> performed experiments on dogs, using a viable 
pedicle graft for repairing intrathoracic tracheal defects. The work on this 
problem, previously described, demonstrated that the results obtained did not 
depend to any great extent upon the material used as a graft. They served 
simply as a framework upon which the tracheal wall could regenerate in the 
form of fibrous tissue and respiratory epithelium. The experiments of Penton 
and Brantigan differed completely. In their words: 

A rectangular pedicle flap consisting of intercostal muscles, periosteum, neuro- 

vascular bundles, and parietal pleura is mobilized from the chest wall. It is thick, 
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tenacious, and retains an excellent blood and nerve supply from the intercostal 
vessels and nerves which enter its attached portion posteriorly. It continues to 
remain viable and does not at any time depend upon fibrous tissue proliferation 
from the trachea for support. It seems reasonable to expect that such a graft 
should be less likely to slough or to form strictures. Its periosteum produces 


rigidity by the regeneration of bone. 





Fig. 1.—A preoperative roentgenogram showing widening of the mediastinum, atelectasis of 
the right lower lobe, and droplets of Lipiodol in the right bronchial tree. 


In their experiments, they made their grafts semirigid by inserting a 
supporting framework of stainless steel wire between the external and internal 


intercostal muscles. 
Penton and Brantigan'® applied this principle for repairing an extensive 
tracheobronchial defect in a patient with carcinoma of the esophagus that had 


invaded the trachea and bronchi. 


The case which I wish to report is that of a 28-year-old Latin-American man who 
was injured in an automobile accident on March 16, 1952. Having had ‘‘only a couple of 
beers,’’ he was driving his car and, with the impact of a head-on collision, he sustained a 
crushing steering-wheel injury of the chest. 

The patient was first seen in consultation on the fourth day following his injury, at 


which time he was very sick. The temperature was 104° F., the pulse rate was 110, and 
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the respirations 38 per minute. He had a leukocyte count of 19,000, with 90 per cent 
polymorphonuclears. He was extremely dyspneic, and coughed each time he swallowed 
saliva. He was quite apprehensive and complained of severe substernal 
revealed loud, harsh rales over the whole right lung field. <A direct 


and right chest 


— 


pain. Auscultation 
smear of his sputum was positive for acid-fast bacilli. A diagnosis of tracheoesophageal 
fistula was made, and this was confirmed by a chest roentgenogram with a swallow of Lipiodol. 

The patient was hydrated, given 500 ¢.c. of blood, oxygen by nasal catheter, and 


prepared for surgery. 





Fig. 2.—An iodized oil swallow demonstrating wide-open fistula between the esophagus and 
trachea and right main stem bronchus. 


A right thoracotomy was performed through the bed of the fifth rib which was 


resected subperiosteally. The pleural cavity contained approximately 1 L. of sanguino- 
purulent material. The right lower lobe was collapsed and there was 
ated and severed and 


evidence of an ex 


tensive mediastinitis. The azygos vein was doubly lig the mediastinum 


A rent approximately 5 em. long involving the terminal posterolateral wall of the 
There 
The 


entered. 
trachea and the proximal portion of the right main stem bronchus was observed. 
1 defect in the right anterolateral wall of the esophagus corresponding to this. 


was ¢ 
Because there was actual 


rent in the esophagus was closed with interrupted 4-0 silk sutures. 
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loss of tissue of the posterior wall of the trachea from necrosis and inflammation, it could 
not be closed by direct suture. Consequently, the defect was covered by a free pleural 
graft, reinforced by suturing to the anterior wall of the esophagus and closing the 
mediastinum. A Penrose drain was placed in the mediastinum and brought extrapleurally 
through the sixth intercostal space. The chest was drained anteriorly and _ posteriorly, 
penicillin and dihydrostreptomycin instilled, and closure carried out in layers with in- 
terrupted cotton. 

The patient had a stormy immediate postoperative course. Excessive tracheobronchial 
secretions were handled by tracheal catheter suction. On the ninth postoperative day, it 


became evident that the tracheoesophageal fistula had recurred. 
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Fig. 3.—This figure demonstrates formation of the full-thickness graft of periosteum, 
intercostal muscles, neurovascular bundles, and parietal pleura. It has been cut across an- 
teriorly and is being dissected posteriorly where it will be left attached. 


The patient recovered from the surgery slowly. The tracheoesophageal fistula per- 
sisted. He was maintained on a high-caloric, high-protein, high-vitamin liquid diet 
administered through a small plastic tube into the stomach. This he not only tolerated, 
but thrived on, and he gained 21 pounds in weight. His sputum, which was positive on 
admission for acid-fast bacilli, became negative under heavy antimicrobial therapy. He 
was kept on this regimen for five months, and at the end of this time, as noted, his sputum 
was negative, his empyema and mediastinitis had cleared, atelectasis of the right lower 
lobe was still present, and his tracheoesophageal fistula remained wide open. 

The patient was returned to surgery on Aug. 14, 1952. A right posterolateral incision 
was made and the third and fourth ribs were carefully resected subperiosteally from the 
eostosternal junction to their necks. The fifth rib had been resected at the previous pro- 
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cedure. The chest was entered by cutting the anterior limits of the third, fourth and fift! 
intercostal bundles and rib beds from the sternum, incising superior to the third, and 
inferior to the fifth periosteal beds, turning the tissue back as a flap, and leaving it attache 
posteriorly. The third and fourth intercostal vessels and nerves were intact. The medi 
astinum was entered and the tracheoesophageal connection dissected. There was an opening 
in the right anterolateral wall of the esophagus approximately 3 cm. in diameter. In th¢ 
corresponding posterior membranous segment of the trachea, apparently due to old infectio: 
and lysis of tissue, was a defect 5 by 2 cm. in diameter. Through this opening, the endo 
tracheal tube was grasped with forceps and inserted into the left main stem bronchus. Thi 
opening in the esophagus was closed in a diagonal manner with interrupted 4-0 silk. Thi 


edges of the trachea and bronchial wound were débrided, and the previously dissected chest 
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, Fig. 4.—A right posterolateral view of the trachea and esophagus, showing the rent 
in the anterolateral wall of the esophagus and corresponding posterolateral wall of the trachea 
and right main stem bronchus. 


wall pedicle flap was placed in the mediastinum with its pleural surface turned to thie 
posterior wall of the trachea. Using interrupted 4-0 silk sutures, it was sutured in place, 
completely covering the tracheal and bronchial defect. This placed the full thickness of the 
graft between the trachea and esophagus. The suture line of the previously closed wound 
in the anterior wall of the esophagus was reinforced by the outer, now posterior surface 
of the graft, and maintained in place by interrupted 4-0 silk sutures. The mediastinal 
pleura was loosely closed about the pedicle of the graft. Penicillin and dihydrostreptomycin 
were instilled in the pleural cavity, anterior and posterior intercostal drains placed, su! 
scapular muscles approximated to the fifth intercostal muscle bundles, and the chest further 
closed in layers in the usual manner. 
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Fig. 
Fig. 6.—The endotracheal tube may be seen in the left main stem bronchus, and attachment of the pedicle graft has begun. 


Fig. 5.—The rent in the esophagus has been sutured 
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The patient’s postoperative course was uneventful. He was discharged from the 
hospital to the tuberculosis sanatorium, where he rested for three months. He had no further 
positive smears or cultures for acid-fast bacilli, A bronchoscopie examination on April 1, 


1955, revealed an essentially normal-appearing trachea and bronchi, There was no narrowing 
or constriction, and the posterior tracheal wall was firm. There was a small dimple in the 
proximal end of the right main stem bronchus, but the mucous membrane covering the graft 
could not be distinguished from the normal trachea and bronchi. 


The patient is now working as a truck driver for an earth-moving concern, 


Fig. 9. Fig. 10. 
Fig. 9.—A recent barium swallow in the left anterior oblique position, showing adequate 
lumen of the esophagus at the level of the repaired fistula. 


Fig. 10.—Roentgenogram of the chest made in March, 1955, showing complete expansion 
of the right lung to fill the right hemithorax. There is little actual deformity of the chest. 


SUMMARY 
This has been a ease report to deseribe a viable pedicle graft used to close 


a large tracheal and esophageal defect. 
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PRIMARY IDIOPATHIC SEGMENTAL INFARCTION OF THE OMENTUM 
A Report or Two Cases 


Joun T. WRZESINSKI, M.D.,* Stecrriep D. FiRESTONE, M.D.,* AND 
BENEpIcT R. WaAusKE, M.D.,** LINCOLN, NEB. 


(From Veterans Administration Hospital) 


HE medical literature is spotted with case reports of an entity involving 

the greater omentum which has been given a variety of descriptive and 
often confusing names. Primary idiopathic spontaneous segmental infarction 
of the greater omentum is characterized by the appearance of an infarct in the 
greater omentum, usually in the dependent peripheral portion on the right side. 
It is neither preceded by nor associated with any known etiologic agent or 
disease, producing a rather typical gross and microscopic picture and often 
suggestive clinical findings. The clinical findings are often similar to those of 
acute appendicitis. It differs, however, in its rate of progression, resulting in 
an average delay of about three days before the patient seeks medical con- 
sultation. It also differs from acute appendicitis in that localization of pain 
occurs promptly and appetite often is unaffected. Its importance rests in its 
contusion with a number of acute intra-abdominal conditions.’? It would 
appear that the condition is rather rare having been reported only 25 times 
since the first authentic report in 1932.1° Its very nature suggests that it 
occurs more commonly, though it remains obscure because of spontaneous 
resolution or oversight during its course. 

Certain criteria must be closely adhered to in order to avoid confusion 
with the more common type of secondary infaretion: (1) The infarction must 
be spontaneous and idiopathic and not preceded by trauma, infection® or other 
etiologic factors which could, by obvious cause and effect, initiate the process ; 
(2) it must be segmental and not associated with massive vascular occlusions 
involving large areas of the omentum and/or adjacent organs; (3) it must be 
primary in the omentum and not the result of disease of a neighboring struc- 
ture; (4) it should present the typical gross and microscopic picture excluding 
especially the presence of a pedicle, either twisted or untwisted, which would 
indicate pathology secondary to torsion. 

Free peritoneal fluid is found in the majority of cases. The area of in- 
faretion is most common in the right, lowermost, dependent portion of the 
omentum at its periphery. There is only one exception reported in the avail- 
able literature. The lesion is usually a triangular-shaped area of infarction 
with its base at the free margin of the omentum conforming to the distribution 
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of the blood supply by a terminal vessel in the omental periphery. The ii 

volved omentum has a lustreless, purplish-gray color with a sharp transitic 

at the boundary of normal omental fat. <A fibrinous exudate may or may not 
be on the surface; if present, there may be adhesions to the adjacent parietes 
On microscopic study there is noted congestion and thrombosis of venous 
channels with hemorrhagic extravasation into normal fat. There is usually 
a mild inflammatory reaction with the exudate containing monocytes, poly- 
morphonuclear cells and plasma cells. The degree of necrosis varies with the 
duration of the process. 


Fig. 1.—Case 1. Photomicrograph showing congestion and thrombosis of venous channels with 
hemorrhagic extravasation into omental fat (60). 


CASE REPORTS 


CasE 1.—W. 8. S., Register No. 52213, a 30-year-old white man, a physician on active 
duty with the Navy Air Corps, was admitted to the hospital on Jan. 8, 1955 at 11 P.M. 
for diagnosis and treatment. He gave a history of epigastric pain, vomiting, and diarrhea, 
all intermittently between Dec. 28, 1954, and Jan. 5, 1955. He reported that he felt well 
on January 6 and 7; however, at about 10 P.M. the evening of January 7 he ate a very 
large meal consisting of steak, bread, and salad. He was awakened the following morning 
at 4 o’clock with intense gastrointestinal rumbling followed by episodes of vomiting and 
diarrhea, While straining during a bowel movement there developed a dull ache in the 
right lower quadrant of the abdomen which became progressively more intense throughout 
the day. Vomiting and diarrhea, however, did not continue. A careful study of his past 
history and an inventory of symptoms were entirely noncontributory except as related. 
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Physical examination on admission revealed a well-developed, well-nourished, young, 
white man who did not appear acutely ill. His body temperature was 98.4° F. orally, 
pulse 92 per minute, respirations 20 per minute and blood pressure was 120/70 mm. Hg. 
The entire physical examination was negative except for tenderness over a distended 
cecum. Digital rectal examination was likewise negative. Rebound tenderness was 
referred to the right lower quadrant. A blood study revealed 5,000,000 red blood cells 
with a hemoglobin reading of 15.1 Gm. Bleeding and coagulation times were normal. 
The white blood count was 12,200 with a differential of 89 per cent neutrophils and 11 
per cent lymphocytes. There were no significant findings on examination of the urine 
and the VDRL test was negative. A roentgenogram of the chest was within normal limits. 

In view of a rather indefinite and confusing history and minimal physical findings, 
the patient was observed. However, at about 9:30 P.M. on January 8, localization of pain 
and tenderness appeared so definite that an exploratory laparotomy was considered war- 
ranted even though no rigidity could be elicited. A repeat white blood count at that time 
was 9,100 with 84 per cent neutrophils and 16 per cent lymphocytes. 

The abdomen was explored through a lower, right rectus incision. Exploration re- 
vealed no increase in the amount of free fluid; however, a triangularly shaped, gangrenous 
area at the most dependent portion of the omentum on the right was seen lying just 
anterior to the cecal area. The affected omentum was of a purplish-gray color, edematous 
and surrounded by a sharply demarcated area of normal omentum except at its base or 
free margin. Further exploration of the entire peritoneal cavity did not reveal additional 
pathology. The appendix was small and lying free within the peritoneal cavity. A routine 
appendectomy was performed. The infarcted area of omentum was excised between clamps 
and ligatures applied. The abdomen was closed in layers in the routine fashion. 

Pathologist’s Report: The appendix was normal. The gross specimen consisted of a 
rectangular portion of fatty tissue, reddish brown in color, measuring 5 by 3 by 1 em. 
with normal appearing fat at the periphery. Microscopic examination revealed numerous 
dilated, congested vessels. Extravasation of red cells through the omental stroma and fat 


were noted. A small accumulation of acute inflammatory cells was noted in clumps be- 


neath the serosa. 

CasE 2.—E. W. P., Register No. 52621, a 31-year-old surveyor, was admitted to the 
hospital on Nov. 8, 1954, complaining of abdominal pain. At 3 P.M. three days prior to 
admission the patient noted a tightness of his right lower abdomen. He reported that on 
the following morning the same area felt somewhat more tense than the day before. He 
continued with his work, however, the discomfort continued to progress. He was forced 
to exert pressure on his right lower abdomen for relief in order to carry on. On the day 
prior to admission he had pain in the right lower quadrant which was gradually becoming 
In spite of this complaint his appetite remained excellent and he ate his 
meals as usual. The only thing that appeared to give him relief was pressure on the right 
lower abdomen. At this time he consulted his private physician and after taking a 
history, a physical examination, and a white blood cell count it was recommended that he 
be hospitalized for acute appendicitis. It is noted again that he had no nausea and had 
one bowel movement the day before admission which was approximately 44 hours after the 
His past history and family history were essentially non- 


more severe. 


onset of the original distress. 
contributory. 

The physical examination revealed a young, white man in apparent good health with 
the exception of pain in the right lower quadrant of his abdomen. He was mentally clear 
and competent. His temperature was 99.8° F. orally. The pulse rate was 80 and the 
blood pressure 145/70 mm. Hg. A rather thorough physical examination revealed tender- 
ness on deep palpation in the right lower quadrant of the abdomen and minimal guarding 
of the right rectus muscle. There was rebound tenderness referred to the region of the 
cecum. Peristalsis was active as was determined on auscultation of the abdomen. 
Urinalysis revealed only a few white blood cells per high-power field. Blood serology was 


negative. The red blood count was 4,850,000 with 14 Gm. of hemoglobin. The white blood 
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count was 13,200 with 84 per cent neutrophils, 15 per cent lymphocytes, and 1 per cen 

monocytes. The count was repeated and found to be 18,700 with 87 per cent neutrophils 
and 12 per cent lymphocytes. The VDRL test was negative. A roentgenogram of thx 
chest was reported within normal limits. A diagnosis of acute appendicitis was made ani 
the patient was operated upon on Nov. 8, 1954, shortly after his admission to the hospita 

The abdomen was explored through a McBurney incision. The cecum was delivered into 
the operative wound and there was noted a retrocolic, adherent, uninflamed appendix. 
Adhesions about the appendix were old and well organized. Further exploration of the 
abdomen was negative with the exception of the periphery of the greater omentum in thi 
right lower quadrant where a triangular gangrenous segment of omentum approximately 4 
em. in its largest measurement was noted. The involved segment of omentum was excise: 
and a routine appendectomy performed. Further exploration did rot reveal any addi- 
tional pathology. The abdomen was closed in lavers in a routine fashion. 


_ 


‘ 
| 





Fig. 2.—Case 2. Photomicrograph showing findings similar to those in Case 1 (x60). 

Pathologist’s Report: The appendix was normal. The gross specimen consisted of an 
indurated, purplish-blue segment of omentum measuring approximately 4 em. in length 
and 3 em. in breadth. Microscopic examination of the omentum disclosed the usual adi- 
pose tissue containing many dilated arterioles with considerable extravasation of red 
blood cells, One area disclosed definite foci of ischemic degeneration, suggesting ear!) 
gangrene due to thrombosis of small veins. 


COMMENTS 


In Case 1 one might raise the question as to whether this was a secondary 
infaretion in view of a gastrointestinal disturbance which had been going 0! 
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for a few days prior to onset of abdominal pain. While this is a possibility, 
we do not consider it likely since thorough exploration of the abdominal 
cavity showed complete lack of evidence of other pathology. If a true gastro- 
enteritis of bacterial origin had preceded the onset of the infarction and were 
to be considered a cause, one would expect at least some evidence of hyperemia 
of serosal vessels, increase in peritoneal free fluid or a positive peritoneal 
culture. This evidence was completely lacking and therefore the case must be 
considered idiopathic. 

In Case 2 there appears to be little question as to its idiopathic nature. 
There is complete absence of any known cause. 

We wish to emphasize that the true diagnosis of primary idiopathic in- 
faretion of the omentum will rarely be recognized preoperatively. This does 
not absolve the clinician, however, from his efforts to consider the condition 
especially when the pattern deviates from that expected for other conditions.'° 
In like manner, it does not absolve the surgeon from performing a prompt ex- 
ploratory procedure when the diagnosis is suspected. It is our opinion that 
excision of the involved segment of omentum is the treatment of choice. 
Although primary segmental infarction of the omentum appears to be quite 
‘are, it would be reasonable to assume that it occurs much more frequently 
than reported in that many cases are not explored and resolve spontaneously. 

Obviously exploration is indicated in all eases in which the findings 
warrant such procedure and meticulous examination of the omentum should 
be conducted when the anticipated pathology is not uncovered. The gangre- 
nous omentum should never be left behind but always excised completely. 
Thus far, there has been no mortality associated with the lesion if handled 
in this manner. 



























CONCLUSIONS 










1. Two cases of primary idiopathie spontaneous segmental infarction of 
the greater omentum are added to the 25 authentie cases now existing in the 
literature, 

2. A preoperative diagnosis of spontaneous segmental infaretion rarely 
will be made, yet, in retrospect, a reasonably characteristic pattern is obvious. 

3. Beeause of the great confusion between this condition and other acute 
abdominal emergencies, inspection and palpation of the entire omentum is 
recommended in all eases in which the diagnosis is not obvious. 

4. A plea is made for adherence to definite criteria and for the reporting 
of the oceasional case so that the actual incidence of the disease might be 
elucidated. 

5. It is felt that this syndrome accounts for a small but definite percentage 
of those eases in which the findings suggest appendicitis but in which a normal 
appendix is found on exploration. 
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REPEATED ARTERIAL EMBOLECTOMY 


GEORGE E. ReEyNoups, M.D., aNp J. HARoLp CuHEkEkK, M.D. 
Dauuas, TEX. 


(From Baylor University Hospital) 


HE first successful arterial embolectomy was carried out in 1911 by 

Labey.t This was followed closely by Key? in 1912, with the first of his 
series of seventeen. Many reports have appeared in the literature since then, 
including several in which multiple embolectomies were carried out on the 
same patient. Although repeated arterial embolectomy is not rare, it is be- 
lieved to be of sufficient interest to merit comment. 

The dual purpose of this paper is to present a case in which three arterial 
embolectomies were carried out successfully on an aged, poor-risk patient, and 
to emphasize the multiplicity with which emboli may occur even with anti- 
coagulant therapy. 

CASE REPORT 


C. B., a 72-year-old white man, was admitted to Baylor University Hospital on Aug. 10, 
1953, with hemoptysis. On July 27 he had experienced a fainting spell lasting two to three 
minutes. Upon regaining consciousness he had complained of intense pain in both shoulders 
radiating down both arms. There was associated nausea and vomiting, and, although there 
was no paralysis, he was unable to move his left arm because of pain. He was admitted to 
the local hospital, at which time examination was reported as showing no abnormality of the 
heart, lungs, or blood pressure. Twenty-four hours later, the nausea subsided but he re- 
mained weak, listless, and developed a hacking cough. Despite penicillin therapy, his 
hospital course was septic with daily temperature elevations to 39° C. Approximately one 
week later, he had a severe coughing spell followed by hemoptysis. The hemoptysis, weak- 
ness, and mild shoulder pain continued during the course of this hospital stay. Early 
chest roentgenograms revealed a healed ninth rib fracture on the left with a healed primary 
complex. Later films showed a loculated pleural effusion on the right with some consolida- 
tion of the right lower lobe. Serial electrocardiograms showed some abnormality but were 
not diagnostic. Because of the persistence of the symptoms and in view of the continuing 
chest problem, the patient was referred to the chest service at Baylor Hospital for further 
study and treatment. 

On admission to Baylor University Hospital review of systems was essentially nega- 
tive. The cardiovascular and respiratory systems were as noted previously. Past history 
revealed no particular major disease except for his father who had died of carcinoma of 
the bowel. 

Physical examination revealed a temperature of 37.8° C. There were rales over both 
lung bases posteriorly, with an area of dullness over the right base, and a friction rub. 
The heart was normal to auscultation and percussion. Some weakness was noted in the 
left hand. The right foot was cool and slightly cyanotic with a positive Homans’ sign in 
the right calf. All peripheral pulses were palpable. The remainder of the physical 
examination was within normal limits for a man of this age. 
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Admission laboratory examination was within normal limits. Admission chest 
roentgenogram, along with review of previous films, showed what was thought to be a 
pulmonary infarction with secondary pleural effusion which was resolving. 

During the next three days there were several episodes of pallor, sweating, and 
hypotension. It was thought that these might represent recurrent small emboli reaching 
the lungs and one of us (J. H. C.) was called in for consultation. Examination at this 
time revealed minimal pitting edema of the right foot. There was some tenderness of the 
right calf, which extended up along the anteromedial aspect of the right thigh. The left 
leg was normal and there was no disparity in diameter measurements of the legs or dis 
tended superficial veins. It was felt this most likely represented a right phlebothrombosis 
with continuing embolic phenomenon. The patient was taken to surgery on Aug. 8, 1953, 
for bilateral femoral vein ligation. Under local anesthesia, both femoral veins were ex 
plored. The right common femoral vein was found to be dull gray in color and thicker 
than usual, with no clot noted. The left femoral vein appeared normal. During the pro 
cedure the patient’s blood pressure dropped from 80/60 mm. Hg to 40/0 mm. Hg and he 
appeared to be in extremis. However, he responded to supportive therapy, and the right 
common and left superficial femoral veins were ligated in continuity as rapidly as possible. 

The patient was placed on sodium heparin intramuscularly. His Lee-White clot 
ting time was maintained at between one and two hours, insofar as possible. All blood 
samples were drawn each day at the same time. Because of swelling, pallor, and coldness 
of the right lower extremity, repeated paravertebral lumbar sympathetic blocks were 
carried out with improvement of temperature and color. 

The patient’s course became progressively better with the edema subsiding in the 
right leg and the temperature returning to normal. On August 24, ten days following 
ligation, there was an episode characterized by sudden onset of pain in the right lower 
extremity. Loss of sensation, coldness, and loss of motor function of the ankle ensued and 
there were no arterial pulsations below the femoral artery. Paravertebral block was per- 
formed without benefit, and the patient was taken to surgery six hours later with a diag 
nosis of right femoral artery occlusion. 

Again under local anesthesia, the right femoral artery was exposed through a vertical 
incision just lateral to the incision used for the vein ligation. Pulsation was noted in the 
common femoral artery down to the bifurcation, with no pulsations distally. The super- 
ficial femoral artery was opened transversely 4 cm. below the bifurcation and a well- 
organized embolus approximately 1 by 2 ecm. was reinoved. Removal of the clot was 
followed by a free flow of blood in both directions. The incision in the artery was closed 
with interrupted 5-0 silk, and 5 mg. of heparin was injected just distal and proximal to 
the suture line. Almost immediately a dorsalis pedis pulse was palpable. Loss of pain, 
return of sensation, motor function, and warmth were experienced by the patient within 
a short time. The procedure was well tolerated, and he was again placed on intramuscular 
heparin and antibiotics. 

During the next four days, progress was again satisfactory with repeat roentgeno 
grams showing resolution of the old infarction and pleural effusion. Edema of the right 
lower extremity, which had recurred, was noted to decrease with elevation and wrapping. 
The patient was seen in consultation by an internist, and serial electrocardiograms indi- 
cated an old pulmonary infarction with a possible old myocardial septal infarction. Motor 
function and pulsation remained in the right leg until August 28, when a second episode of 
arterial insufficiency occurred. This episode was characterized, as the first, by pain, cold- 
ness, loss of sensation and motor power, with absence of pulsation below the previous 
incision. The patient was returned to surgery four hours later with the diagnosis of 
thrombosis of the femoral artery at the previous suture line, or a second embolus. 

Once more under local anesthesia the old wound was opened, and an obstruction was 
encountered again at the bifurcation of the femoral artery. The superficial femoral arter) 
was then opened transversely 2 to 3 em. below the previous suture line and a well-organized 
thrombus, 2 by 4 em., not attached to the wall, was “milked” free. The incision was 
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closed as before with local heparinization being carried out. Again there occurred an al- 
most immediate return of pulsation, followed by sensation, warmth, and motor function. 
Intramuscular heparin and antibiotics were continued. 

Following the second embolectomy, the patient continued to improve, with further 
electrocardiograms showing only regressive changes from an old pulmonary embolus with 
no further indication of myocardial infarction. The wound healed slowly with moderate 
hematoma and edema, but the arterial supply to the right leg remained good. Suddenly, 
on September 3, four days later, he once more had the sudden onset of pain, coldness, 
loss of sensation and motor function of his right lower extremity. Examination at this time 
revealed a palpable aortic pulsation with absent pulsation below the bifurcation on either 
side. At that time the diagnosis of a saddle embolus of the aorta was entertained. Three 
hours later he was returned to surgery, and at this time pulsations were noted down the 
course of the left femoral artery with no pulsation present on the right. It was now 
believed that the saddle embolus had slipped over into the right common iliac artery. 

This time under general anesthesia, through a transverse incision just below the 
umbilicus, a retroperitoneal approach was made to the right common iliac artery, where 
an obstruction was encountered. Control was secured of the aorta, left and right iliac 
arteries by means of soft rubber catheters placed around the respective vessels. A trans- 
verse incision was then made in the right common iliac artery over the clot and the proximal 
portion “milked” out, followed by a rush of blood. The distal portion of the embolus was 
found to extend into both internal and external iliae arteries for a distance of 6 to 8 cm. 
After “milking” the embolus from the iliaes there was a free flow of blood in a retrograde 
fashion. The incision in the iliac artery was closed with 5-0 silk and local heparinization 
was carried out. Immediately following release of tourniquets, pulsations were noted in 
both feet. The last two ganglia of the right lumbar sympathetic chain were then removed. 
At this time, several calcific atheromatous plaques were noted on the aorta, which possibly 
represented the site of a thrombus which later broke loose. The patient was continued on 
intramuscular heparin and antibiotics. 

Following this surgical procedure, the abdominal wound healed well, but the femoral 
wound developed a lymphorrhea which lasted about one week. He was changed from 
intramuscular heparin to oral Dicumarol on the fourth postoperative day, with the dosage 
controlled by a daily prothrombin time being maintained at a therapeutic level. 

During the next three weeks, edema of the right leg subsided and convalescence was 
satisfactory. He was discharged on September 24. All wounds were healed and a final 
chest roentgenogram showed complete resolution. He was to continue his oral Dicumarol 
for several weeks. 

Since discharge the patient has been followed in the office and was last seen in October, 
1955. At that time only minimal edema remained in the right leg with both dorsalis pedis 
pulses palpable. He has worn elastic supports on both legs, and now works in his garden and 
walks a mile without difficulty. 


COMMENT 


The etiology of arterial emboli is important not only as an aid in the 
differential diagnosis of primary thrombosis and/or arterial spasm but also 
from the standpoint of additional surgical therapy besides the immediate 
embolectomy, for example, possible resection of the auricular appendage. 
According to Klingensmith and Theis,® the source is almost always: (1) a 
thrombus in the left auricular appendage due to auricular fibrillation; (2) a 
mural thrombus in the left ventricle as a result of coronary occlusion and 
myocardial infarction; or (3) thrombosis of an atherosclerotic and arterio- 
sclerotic plaque or aneurysm of the abdominal aorta. 

In the ease presented the source of embolus was not determined with 
certainty, but, by the process of elimination, was presumed to be that of 
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thrombosis on an arteriosclerotic plaque of the aorta with subsequent emboliza- 
tion. However, at one time electrocardiograms suggested septal infarction. 
Septal infarct, plus mural thrombosis on both sides of the septum, could have 
accounted for both pulmonary and peripheral emboli. Since this patient’s 
first indication of illness was syncope followed by chest pain and cough, it 
would seem more likely that the primary difficulty was one of pulmonary 
embolus from phlebothrombosis followed by bed rest with subsequent throm- 
bosis on a sclerotic aortic plaque. 

Cases of multiple arterial embolism have been reported by Deitch,* Mae- 
Farlane,? Callum,?® Reynolds and Jirka,!! Seott and Williams,’? Eddy and 
Congdon,'* Friddan,'* Proffitt and associates,!* MeGarity and Robertson,* and 
Schmitz and Harkins.’ In writing about arterial embolism, Warren, Linton, 
and Seannell'® studied 200 patients, of whom 79 had recurrent episodes. The 
majority of these were rheumatic fibrillators (53.7 per cent). In our ease, rheu- 
matie heart disease and/or fibrillation were not present so that restoration of 
rhythm or resection of the auricular appendage was not apropos. 

As a rule, the diagnosis of arterial embolism is not difficult but, at times, 
may resemble that of acute thrombosis. However, usually a careful history 
and physical examination will differentiate. In embolism there is usually 
sudden pain followed by paresthesias, coldness, and loss of motor function with 
absent pulsation distally. In our ease the typical pattern was followed each 
time, with pain being the initial symptom and paralysis occurring last. Fol- 
lowing embolectomy, the same sequence was followed in resolution. The 
accompanying arterial spasm, which almost always occurs distal to the embolus, 
persisted for several hours and required repeated sympathetic blocks after 
only the first episode. 

The treatment of arterial embolism is divided into three groups by 
McGarity and Robertson.* The first two are treated conservatively, either 
because they are too ill from other disease or additional emboli or because 
even with the embolus there is adequate circulation in the extremity. The 
third group are treated surgically, preferably by embolectomy. Arteriectomy, 
with or without graft, sympathectomy, or, in hopeless cases, amputation, all 
have a place. 

In the ease herein presented, anticoagulants were used from the time of 
the femoral vein ligation until discharge. Following the extraction of all 
three emboli, regional heparinization was earried out at the time of opera- 
tion, in order to prevent thrombosis at the suture line, although some feel this 
is unnecessary. Before and after each procedure, systemic heparin or 
Dicumarol was used. It is interesting to note that each embolus removed was 
well organized, and there was no evidence of fresh thrombosis. Freeman and 
associates,> have emphasized the importance of the local use of heparin in all 
kinds of arterial surgery in order to prevent thrombosis at the suture line 
and, at the same time, to reduce the danger of hemorrhage from the wound, 
as may oceur with systemic anticoagulants. Then after a few hours systemic 
anticoagulants may be used without danger. 

The use of anticoagulants should not lull one into a false sense of security 
after an embolus has been removed. As was demonstrated here, continuing 
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embolization may and often does oceur even with high anticoagulant levels. 
Although anticoagulants are useful in preventing additional thrombosis they 
probably have no effect upon the course of the embolus, except, perhaps, to 
prevent clot promulgating at the site of enlodgment. 

The long-term use of anticoagulants to prevent further thrombosis has 
been suggested by Lord and Burke® and stressed by Schmitz and Harkins.’ 
Although Warren’ agreed with this opinion, he believed that the risk of 
further embolism occurring after cessation of the drugs is still as great, even 
if continued for long periods. Thus, it would seem that one must decide early 
and either plan to use anticoagulants indefinitely or accept the risk. In this 
patient, oral Dicumarol was stopped four months after discharge and to date 
he is still without further difficulty. However, in a patient with mitral stenosis 
and/or auricular fibrillation, it is probable that the danger is more acute. 


CONCLUSION 


Multiple arterial embolectomy is a safe procedure, especially where local 
anesthesia can be used. Probably no one should be denied the procedure even 
if old and arteriosclerotic. Multiple emboli can occur under adequate anti- 
coagulant therapy even in the absence of auricular fibrillation or proved heart 


disease. 
A case has been presented of three separate arterial embolectomies carried 


out on an elderly, poor-risk patient, with complete recovery and rehabilitation. 
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MACROGLOSSIA OR GIANT TONGUE 
CasE REPORT 
JAMES W. HeENprick, M.D., SAN ANTONIO, TEX. 


ACROGLOSSIA, or giant tongue, is an unusual clinical entity. The pur 

pose of this report is to present a case of extensive congenital primar) 
lymphangioma involving the tongue. Several diseases produce macroglossia 
in varying degrees, among which are lymphangioma,® hemangioma,° con- 
genital muscular hypertrophy, primary and secondary amyloidosis,’ * * myx- 
edema, acromegaly, and glycogenosis. 

Hemangiomas and lymphangiomas of the liead and neck, including the 
oral cavity, are not rare. This subject has been presented in previous com- 
munications and only a ease report will be the basis of this discussion.” * 
These developmental anomalies are produced from endothelial rudiments of 
the blood and lymph vessels; they are congenital in origin and, as a rule, are 
observed shortly after birth. When. they are large and appear in the tongue, 
the term ‘‘macroglossia,’’ or giant tongue, is applied. The tongue attains 
great size and, after a period of months or years, fills the mouth and interferes 
with the taking of solid foods, swallowing, and talking. 


The present case was that of a 9-year-old Mexican girl.* The child was observed 
Nov. 8, 1952, with a history of difficulty in nursing during infancy. During the second 
year of life the tongue began to enlarge and fill her entire mouth, preventing the taking 
of solid foods. By the third year of life the tongue was so large it protruded from the 
mouth. By the fifth year, it remained out of the mouth at all times and grew to such 
size that the child wore a sling around her head to support it. When observed by me, the 
child’s head was flexed on the chest due to the weight of the tongue, and the mandible 
rested against the chest wall. The dorsal surface of the tongue was ulcerated and in 
flamed. The child was able to take only liquids, consisting mostly of goats’ milk. 

This patient was one of seven children; the others were normal. The mother had 
succumbed to carcinoma of the breast; the father was living and well. 

Examination revealed a fairly well-developed, extremely poorly-nourished child 
about 9 years of age. Approximately 9 em. of the tongue extended from the mouth show- 
ing marked hypertrophy and hyperplasia (Fig. 1). It was 8 em. in width and 4 em. 
thick. The lower incisor and canine teeth were absent. The premolar teeth were in a 
horizontal position; the medial third of the mandible was deflected downward from the 
weight of the tongue as demonstrated by x-ray examination (Fig. 2). Otherwise, thie 
physical examination was negative except for marked nutritional anemia. 

The patient was admitted to the Baptist Memorial Hospital on Dee. 9, 1952. Under 
intratracheal anesthesia, approximately 90 per cent of the tongue was removed with 
electrosurgical cutting current. The pharynx was packed off with a moist pack; the 
distal end of the tongue was held with Lahey forceps. A V-shaped incision was made 
which permitted the edges of the tongue to be reapproximated. The larger vessels and 
sinuses were ligated with 0 chromic catgut; the smaller vessels were coagulated with am 
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Kig. 1.—lExtensive lymphangioma producing macroglossia in a 99-year-old girl. Tongue re- 
mained out of mouth and its weight forced chin to rest on chest wall. 





ig. 2.—Medial third of mandible is deflected downward. Teeth in involved area of mandible 
are in horizontal position. 
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electrocoagulator. The edges of the V-shaped wound were sutured together with inter 
rupted mattress sutures of 0 chromic catgut. The remainder which was a normal amount 
of tongue, was replaced within the mouth. The patient made an uneventful convalescence; 


within seventy-two hours she was able to masticate and and swallow soft food (Fig. 3 
She also began to talk whereas before the operation she could only make indistinct 


sounds. Two years following operation the child has developed normally; the deflected 
mandible has been corrected and permanent teeth have filled the lower jaw (Fig. 4 
The pathologic specimen was a portion of tongue roughly globular in shape, measur 
ing 8 em. in length, 7 em. in width and 4 em. in thickness, and weighed 92 grams. The 
dorsal surface was covered with numerous hypertrophied papilla; there were areas of 
superficial ulceration. The sides and inner surfaces were smooth and gray. The tissue 





Fig. 3.—Five days after partial glossectomy. It was necessary for the child to learn to speak 
and eat normally, which she had not been able to do previously. 


was very firm in consistency. Cut sections showed the mucosa to be 4 mm. in thickness. 
The underlying tissue consisted of parallel muscle bundles with layers of muscle running 
in a horizontal direction. 

Microscopic examination through the thickness of the tongue showed the surface to 
be covered with a thick, stratified squamous epithelium demonstrating long branching rete 
pegs joining together. The underlying connective tissue stroma contained numerous 
chronic inflammatory cells. There were thick layers of smooth muscle tissue running in 
all directions. Toward the base of the tongue there was more fibrous tissue and less 
musele. Within the muscle strands there were large dilated spaces lined by endothelial 
cells which contained a protein precipitate, pink in color, erythrocytes, and leukocytes. 
The inflammation present was a result of trauma sustained by the tongue throughout the 
child’s life, 
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A similar case of macroglossia was reported by Ward and Hendrick’ from The 
Johns Hopkins Hospital which was a congenital hemangiolymphangioma in a child 3 years 
of age with a history comparable with the present one. The tongue had been enlarged 
since birth. At first it was only about twice the normal size but had grown progressively 
until the child was admitted to The Johns Hopkins Hospital. At that time the tongue 
was quite large, filled the entire mouth, and protruded outside for a distance of 7 or 8 
em. X-ray therapy had been administered elsewhere two years previously without bene- 
ficial effects. In that case, as well as in the present one, the patient could not accurately 
occlude the incisor teeth, which were in a horizontal instead of vertical position. Two 
years after operation the patient’s mouth was normal. 





Fig. 4.—Photograph of patient two and one-half years following partial glossectomy. 
Defiected mandible has been corrected and permanent teeth have filled the lower jaw. Patient 
has normal appearance. 


SUMMARY 


A ease of macroglossia or giant tongue produced by congenital lymphan- 
gioma is reported. A one-stage partial glossectomy was performed which re- 
stored the patient to a normal individual. 
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MONORCHIA 


EpwIN J. MARBLE, M.D., MaRSHALLTOWN, Iowa 


(From the Evangelical Hospital) 


INCE Cabrol reported the first case of congenital absence of the testicle in 
1564, a total of 49 such cases have been reported. Of these, 38 were of uni- 
lateral absence and 11 were bilateral. These figures were obtained by an exten- 
sive review of the literature of Kawaichi, Cooper, and O’Donnell in 1949. THerbut 
stated that from 1949 to 1952 no additional cases had been reported. Review of 
publications since 1952 likewise revealed no additional cases of this relatively 
rare anomaly. 

The majority of these cases have appeared in the literature since surgical 
correction of eryptorchidism has been popular. This anomaly may actually 
be more common than the sparsity of case reports might indicate. Some 
surgically unfound eryptorchids may have been congenitally absent testes but 
were not so reported because the surgeon was not convinced that such was the 
fact. Others likewise may have failed to appear in the literature because more 
conservative surgeons may feel the extensive retroperitoneal dissection some- 
times necessary to establish such a diagnosis is not justified merely to prove 
this interesting but relatively innocuous anomaly. The possibility of anorchia 
should always be kept in mind when contemplating surgical exploration for a 
nonpalpable testis and mention of the possibility to the patient preoperatively 
may save embarrassment when the surgeon is actually confronted with the 
condition. 

CASE REPORT 

K. J. C., an 8-year-old white boy, was admitted to the Evangelical Hospital on June 
21, 1954, for the correction of what was thought to be a right undescended testicle. The 
child was born with an empty right scrotum although the left contained a normally 
descended testis. There was no evidence of hernia on either side. No pain or discomfort 
in either inguinal region had ever been noted. On careful examination at the time of 


admission no right testicle could be palpated either in the scrotum or the inguinal canal. 
Intravenous pyelograms did not show any anomaly or abnormality. Antuitrin S or other 
similar hormonal therapy had never been given. The past medical and family histories 
were entirely negative. The general physical examination as far as size, growth, develop 
ment, and systems was within normal limits except for the absence of the right testicle. 
The preoperative impression was “right eryptorchidism, probably intra-abdominal.” 

At operation the right inguinal canal was opened through a right oblique inguinal 
incision. There was no evidence of cord structures, testicle, or hernia anywhere in the 
inguinal canal. Careful exploration of the scrotum, saphenous opening, tissues of the 
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perineum, and base of the penis did not reveal any evidence of a testis. At the extreme 
upper end of the inguinal canal at about the level of the deep epigastric vessels, a small 
bit of tissue was noted, which at first was thought to be gubernaculum (Fig. 1). Upon 
dissection, however, it followed the normal course of the vas deferens down to the seminal 


The distal 3 inches of the structure was resected and 


vesicle and resembled a small vas. 
Follow- 


microscopically proved to be a “small but essentially normal vas deferens” (Fig. 2). 
ing this, the retroperitoneal space was explored up to the level of the lower pole of the right 
kidney and no testicle was found. The defect was then closed as in ordinary hernioplasty. 


The patient’s convalescence was uneventful. 
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Fig. 1.—Sketch showing the position of the vas with complete absence of testicle. 


DISCUSSION 

Anorchia may result from (1) embryologic failure of the testicle to de- 
velop, (2) prenatal atrophy of the gonadal tissue during the course of develop- 
ment, or (3) extrauterine factors such as systemic disease (for example, mumps 
or syphilis), or physical means (such as excessive prenatal irradiation). 

The testis, as well as the epididymis and the vas deferens develop em- 
bryologically from the genital fold which is a part of the mesonephros, From 
this primary retroperitoneal site these structures migrate and descend to the 
scrotum. The testicle is guided in its descent by a fold of peritoneum which 
subsequently becomes the gubernaculum. Fibers of this fold are inserted into 
the fascia about the external inguinal ring, the veritoneum, and the saphenous 
opening with the principal branch generally attaching to the lower portion of 
the serotum. Aberrations of development of this main band may be respon- 
sible for variations in the course of testicular descent. In other words, 
testicular descent depends upon the integrity of the gubernaculum. 








680 MARBLE ao stn? 
Embryologie remnants of a testis may be found anywhere along the course 
of descent. When they are found their presence is quite good evidence that a 
proper testicle was never formed. 
During development there may be a separation of the vas and epididymis 
from the testicle. When this happens the vas and epididymis may descend 
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Fig. 2.—Photomicrograph of normal vas as found at operation. 


along the normal course of descent while the testicle remains totally or partly 
undescended. Similarly, the vas and epididymis may descend quite normally 
when the testis may be absent. Therefore, finding the vas and epididymis 
without an accompanying testicle does not rule out a eryptorchid elsewhere. 
Anorehia with a descended vas suggests an early embryonic development 
followed by later disappearance of the gonad. 
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DIAGNOSIS 


The diagnosis of bilateral or complete anorchia is relatively easy in as much 
as the failure to masculinize is a leading clue. Even before puberty the lack of 
androgen and the absence of obvious testicles help to establish the diagnosis. 
However, in monorchism, where there is no androgen deficiency, the diagnosis 
is less obvious. In all cases of anorchia or monorchia the possibility of ectopia 
must be eliminated. It is rather easy to overlook a testicle in the crural region 
or in the perineum. In searching for aberrant testes one must be careful to not 
overlook a small testicle in the region of the symphysis pubis, perineum, and 
the loose tissue over the saphenous opening as well as the retroperitoneal path 


of normal descent. 

There is no short cut to making the diagnosis of monorchia. It ean be 
made only when cryptorchidism has been carefully ruled out. This necessitates 
search of the retroperitoneal areas of descent as well as along the possible 


ramifications of a faulty gubernaculum. 
SUMMARY 


1. Review of the literature reveals but 49 cases of anorchia to which a case 
of left monorechia is added, making a total of 50 cases to date, 39 being of 
monorehia. 

2. Extensive search for ectopie testes is fundamental in arriving at a 
diagnosis of congenital absence of the testicle. To facilitate this a sound knowl- 
edge of the embryology of the testicle and of the process of descent is necessary. 

3. The possibility of anorchia should be kept in mind in all eases of 
abdominal eryptorchids. Advising the patient of such possibility preoperatively 
will avoid embarrassment when such anomalies are found. 


Acknowledgment is made to Dr. R. G. Bunge for his encouragement and guidance in 
preparing this report. 
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SPONTANEOUS RENODUODENAL FISTULA 


JOHN PauL Nortu, M.D., SHreips O. Livinestron, M.D., anv B. K. LOvELL, M.D., 
McKInNEY, TEX. 


(From the Surgical and Radiologic Services of the Veterans Administration Hospital, and 
Southwestern Medical School, The University of Texas) 


A SPONTANEOUS renoduodenal fistula is a challenge to diagnosis and 
management. We recently encountered a patient with this lesion and the 
diagnosis was made preoperatively by roentgenogram. 


CASE REPORT 


C. B., a 61-year-old barber, entered the Veterans Administration Hospital on July 20, 
1954, because of vomiting of one year’s duration. He stoutly denied any abdominal pain 
either in the recent or distant past. The vomiting at first occurred two to three times a 
week, then gradually increased in frequency. He vomited almost daily during the six 
months immediately prior to admission. Eructation and a feeling of fullness after eating 
had also been noted. He had no intolerance to any particular food but found that the 
quantity ingested seemed to be the only factor which influenced the vomiting. He had lost 
55 pounds and had become so weak that he was forced to stop working. 

The temperature, pulse, and respirations were normal. His weight was 93 pounds. 
Except for obvious weakness and emaciation, the examination was normal. Peristalsis was 
present and there was no tenderness or masses in the abdomen. 

The hemoglobin was 10.5 Gm., leukocytes 6,900. A twelve-hour specimen of gastric 
secretion showed 5 degrees of free acid without histamine. Liver function tests showed no 
significant liver damage. An intravenous urogram showed good function on the left side 
but a nonfunctioning right kidney. Multiple calculi were seen in the region of the right 
renal pelvis. A gastrointestinal x-ray series revealed massive gastric retention with almost 
complete obstruction of the first portion of the duodenum (Fig. 1). On the film obtained 
four hours after the administration of barium, a small amount of barium could be seen 
extending to the right into an area where small lucencies had been observed on all previous 
films (Fig, 2). One of us (B. K.L.) accordingly made a diagnosis of renoduodenal fistula. 

The patient was explored on Aug. 4, 1954, through a transverse, subcostal incision 
extending into the right flank. The right kidney was found to be replaced by a dense mass 
of cicatricial tissue in which multiple renal caleuli were embedded. This mass was fused 
with the liver superiorly, with the duodenum medially, and with a loop of ileum below. 
Caleuli had eroded the duodenum, producing two fistulas. One led through the posterior 
wall of the duodenum just distal to the ampulla of Vater from an upper calix of the kidney; 
the other passed through the posterior duodenal wall at the junction of its second and third 
portions into the lower portion of the kidney pelvis. The antrum of the stomach was opened 
und digital exploration revealed almost complete obstruction distal to the ampulla of Vater 
hut no intrinsic disease of the duodenal wall. Gastroenterostomy as a first stage operation 
for a poor-risk patient was considered. It might have been a rational procedure, but be- 
cause malignancy of the kidney could not be excluded a nephrectomy was elected in its stead. 
The dissection was difficult because of the absence of any fascial planes and the dense 
character of the fusion to surrounding organs. The kidney was removed except for a small 
portion of the upper pole which was in intimate contact with the common duct. This left 
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two openings in the duodenum at the points previously described. These were closed with 


two layers of inverting sutures. The superior margin of the proximal opening could not be 
well mobilized for inversion because of the proximity of the common bile duct and this 
doubtless was the site of the subsequent breakdown. The renal fossa was drained through a 


stab wound in the flank. 
-athologic study of the specimen removed showed total replacement of renal parenchyma 
by fibrous tissue and a chronic inflammatory reaction in the perinephric tissues and about 


the remnants of the calices. There was no suggestion of tuberculosis or neoplasm. 


Oral feeding was commenced on the fifth day but produced a feeling of distention. 
On the ninth day there was a rather brisk hemorrhage from the drainage tract in the flank, 
associated with abdominal tenderness. Shortly thereafter food particles were noted on the 


dressings. A sump drain with suction was introduced into the flank to protect the skin 





9 


>. Fig. 
Fig. 1.—Gastrointestinal roentgenogram showing marked gastric retention and_ the 
shadow of calculous mass in the right renal area. 

Fig. _2.—Retention of barium in the stomach after four hours with extension of the 
opaque mixture into the region of the renal pelvis. 


from excoriation. On August 17, a Witzel type of jejunostomy was performed under local 
This gave a means of supplying fluids and nutrition without sole reliance on 


An acute parotiditis developed, probably precipitated by the administration of 
During this period 


anesthesia. 
infusions. 
Banthine in an attempt to suppress gastric and pancreatic secretions. 
the patient became disoriented, the serum proteins fell to 4.7 Gm. per cent, and he had 


Despite an intake of 4,000 calories by the jejunostomy, he con- 


hypoproteinemie edema. 
This 


tinued to drain as much as 1 L. of duodenal drainage daily and failed to gain weight. 
dilemma was resolved by the employment of an apparatus (Fig. 3) which permits the con- 
tinuous and automatic reintroduction by gravity into the jejunum of the secretions collected 
by suction-siphonage upon a sump drain in the flank. This apparatus has been of ines- 
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timable benefit to us in the management of external fistulas and is apparently not widely 
known. It was described by MacNaughton8 and its details, as modified in this hospital, are 
shown in Fig. 3. 

The volume of drainage diminished gradually but did not cease for one month. As the 
drainage subsided the patient gained 10 pounds, reaching a weight of 106. Oral feedings 
were successfully resumed about October 1. A barium meal passed through the duodenum 
without undue delay at this time. The jejunostomy tube was removed on October 13 and 
he was discharged a week later apparently doing well. 

We had been overoptimistic, however. After a week at home the duodenal fistula 
in the flank reappeared. We reconstructed the jejunostomy and resorted once more to the 
suction-refeeding apparatus. (Incidentally, the jejunum was found to be completely healed 
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Fig. 3.—Diagram of continuous suction-feeding apparatus for external intestinal fistulas. 





and to have resumed its normal position in the peritoneal cavity.) There was immediate 
improvement. On November 15, gastrointestinal x-ray studies showed a widely patent 
channel within the duodenum. However, oral feedings were withheld until December 6 and 
the jejunostomy tube was retained as a precautionary measure until January 5. He was 
last seen Oct. 12, 1955, at which time he was taking a normal diet without symptoms and 


weighed 158 pounds, which was his normal weight. 


DISCUSSION 
In a comprehensive review of the literature six years ago Abeshouse’ cited 
226 reported eases of renovisceral fistulas, only 10 of which were renoduodenal 
and spontaneous. (There have been eases of perforation of the duodenum by 
foreign objects, especially in children, but these are not germane to this dis- 
cussion.) A more recent report by Jones and associates® added 4 eases not listed 
'y Abeshouse. We have found additional reports by Friederich® and Ribeiro,’ 
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bringing the total to 16. It is of interest that fistulous communications between 
the renal pelvis and the colon or, surprisingly enough, with a bronchus are far 
and away more common than renoduodenal fistulas. 

Renal tuberculosis is prominent as an etiological factor only in the early 
reports. In recent years the usual sequence has been nephrolithiasis, pyelo- 
nephritis, perinephric infection, necrosis of the duodenal wall, and fistula 
formation. The anatomic proximity of the right kidney to an immobile portion 
of the duodenum provides a ready explanation for this sequence of events. The 
occasional cases originating in a diseased left kidney are more baffling. The 
reports indicate that there has been, in these instances, a rather extensive 
necrotic process in the retroperitoneum terminating in erosion of the duodenal- 
jejunal junction at the ligament of Treitz. At least one author*® suggested 
that these fistulas might be secondary to a perforated duodenal ulcer. The 
evidence of complete destruction of the kidney which is common to all the 
reports indicates that it, rather than the duodenum, is the primary site of disease. 
It is remarkable in view of the extent of the destructive process in the perirenal 
area how often there is no past history of renal disease. Ribeiro’s patient 
presented himself because of bronchorrhoea and was found to have fistulous 
tracts extending through the diaphragm to communicate with a bronchus as 
well as one to the duodenum. The patient reported by King’ entered the 
hospital because of urethral stricture. The fistula had developed in the course 
of a completely asymptomatic pyelonephritis and perinephritis. Our patient 
complained only of the symptoms of duodenal obstruction. The most spectacular 
history is that recounted by Campaignac,* in the first case ever recorded, in 
which there was vomiting of urine. Ordinarily the kidney is ineapable of 
producing urine by the time the fistula develops. 

The diagnosis has been made by well-selected roentgenographiec studies in 
nearly all the cases which have been recorded during the past two deeades. 
Retrograde pyelography,” * © 7 injection of an external opening of a fistulous 
tract, ?° or the barium meal, as in this case and King’s, have provided the 
elues to diagnosis. 

Nephrectomy with closure of the duodenal opening and flank drainage is 
a logical method of treatment which eradicates the functionless kidney but 
sacrifices no normal tissue. In practice this has proved exceedingly difficult. 
Only four patients have survived in addition to the one reported herewith. 
One of these’ had such minimal disability from an external fistula that he was 
not operated upon. In two instances*® '° surgery was performed in two stages, 
drainage first, followed by nephrectomy. King accomplished a eure by a one- 
stage operation although there was a complicating wound infection. There have 
been three postoperative deaths.” © ° Our patient experienced a turbulent early 
postoperative course and a protracted convalescence before ultimate recovery. 
The disruption of the suture line in the duodenum occurred shortly after he 
had resumed oral feedings. Under similar cireumstances again we would estab- 
lish the feeding jejunostomy at the time of nephrectomy. This keeps food out 
of the gastroduodenal segment for as long as may be necessary for healing and 
seems preferable to more permanent but less complete by-passing by a gastro 
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jejunostomy. The objection to a two-stage operation is its failure to correct 
the external duodenal fistula until the second stage. We were confronted with 
this problem in the management of this patient after his suture line was dis- 
rupted and in the future would strive to the utmost to avoid it. Gastrojejunos- 
tomy is not definitive treatment because it does not obviate the diseased tissue. 


SUMMARY 


A ease of spontaneous renoduodenal fistula resulting from nephrolithiasis 
and perirenal infection is added to the sixteen cases previously reported. This 
patient presented himself because of symptoms of duodenal obstruction, the pre- 
existing renal and perirenal disease having been entirely symptomless. These 
cases are rare but may be diagnosed by suitably selected roentgenographic 
examinations. Treatment consists of nephrectomy and closure of the fistulous 
opening in the duodenum with coincident construction of a temporary jejunos- 
tomy by which the patient may be fed until the duodenum has healed. 
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2 INTRODUCTION 

: HE eatastrophie diseases, above all others, demand early diagnosis. Among 

: this group must be included rupture of the esophagus, for in the untreated 

: patient the condition is, invariably, rapidly fatal. Because the diagnosis can 

: easily be made, and because modern surgery permits cure of the victims of 

. this accident, it is felt that a fresh assessment of the problem may be useful. 

’ Most authors refer to ‘‘spontaneous’’ rupture, but we feel this term is 

: undesirable. The Merriam-Webster Dictionary defines spontaneous as, ‘‘. . . 

. proceeding from, or acting by, internal impulse, energy or natural law, with- 
out external force.’’ The Century Dictionary gives, ‘‘. . . occurring . . . with- 

: out the intervention of external causes.’’ Clearly this cireumstance does not 

apply. 

. The distinction between perforation and rupture has been ably deseribed 


by Mackler** as follows: 
Perforation, except when produced by direct trauma ... is the end result 

of a disease process involving the wall of the organ during which there is con- 

stant and progressive erosion. The perforation appears as a small round hole and 

shows no predilection of site as to circumference or axis of the esophagus. In 

contrast, rupture occurs as an abrupt tear in an apparently undiseased esophagus. 

The defect appears as a longitudinal rent and is almost invariably located at the 

same site. 

HISTORY 

The first case of rupture of the esophagus was described by the illustri- 
ous Boerhaave’ in 1724, under the title ‘‘Atroecis Nee deseripti prius morbi 
historia.’’ It concerned the Baron van Wassenaer, Grand Admiral of the Fleet 
of Holland, a powerful man of 50 years apparently in excellent health. He 
was fond of eating and, because of his prominent position and wealth, had 
abundant opportunity to indulge himself. To relieve indigestion he drank 
an emetic; this being ineffective he strove to excite vomiting by thrusting his 
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fingers deep within his throat. While straining he gave a loud ery of anguish, 
saying that something had torn in the region of his stomach and the pain was 
so indescribable he would surely die. His gloomy prediction was fulfilled. 
Eighteen and one-half hours from the onset of his cruel suffering the Baron 


went into collapse and died. 

There is also an early case, occasionally referred to, which we, along with 
other authors, reject. A. Haller prints an article by Jo. Frid. Ziesner,’°* which 
opens with an extensive discussion of the anatomy and functions of the esopha- 
eus, comes in Part X to the consideration of a rare disease of the organ, 
describes the symptoms at considerable length, and finally in Part XVIII illus- 
trates the matter with the case history of a matron at Kénigsberg who had 
suffered for years from hysterical symptoms, spasms, hypochondria, poor 
appetite, weak pulse, red urine, excessive coffee-drinking, painful deglutition, 
and so forth. She finally died, and her husband requested an autopsy. Part 
XLX, on p. 638, gives the results as follows: 

Ubi defunctae corpus ad preces mariti cultro anatomico examinatum erat, 
sequentia animadvertebantur. 

Aperto abdomine ventriculum striae perreptabant rubrae. 

Hepatis pars concava, ubi vesicula fellea adjacent, putredine erat correpta. 

In mesenterio multae nigrae aderant maculae a stagnatione sanguinis ortae. 

Substantia interna amborum renum erat putredinosa, et in pelvi sinistri 
renis pauca quantitas materiae purulentae inveniebatur. 

Uterus cum ovario sinistro a sanguine copioso in ibi stagnante inflamma- 
tione erat correptus, dextrum vero ovarium bene se habebat. 

Stigmata in pulmonum lobis, sterno remoto passim observare licuit. 

Cor erat flaccidum atque pericardium multa pinguedine cinectum. 

In oesophagi interna superficie, abscessus disruptus reperiebatur; nucis 
juglandis magnitudine; a quo in duas partes divibus, ac si scalpello per tunicas dis- 
cissus fuerit; sola exteriori tunica leviter adhuc cohaerente, licet et haec spha- 
celo erat corrupta. 

Vertebram quintam et sextam, ubi abscessus locatus fuerat, etiam sphacelo 
arrosas vidimus. 

Anterior oesophagi pars ut tracheae et pulmonis postica, sphacelo quoque 
infecta deprehendebantur.* 


Dryden (1788)** published the observation of an officer who, while vomit- 
ing, ‘‘felt something give way internally, which gave him a sensation as if 
he had received an injection of some liquid matter into the cavity of the 


*When the body of the dead one, at the request of the husband was examined by the 
anatomical knife, the following became manifest. 

The abdomen having been opened, red streaks coursed through the stomach. 
cai The concave part of the liver, where the gall bladder lies, was corrupted with putre- 
action. 

In the mesentery many black spots were present, indicating the stagnation of blood. 

The inner substance of both kidneys was most putrid, and in the left renal pelvis a 
small quantity of purulent material was found. 

, The uterus with the left ovary was hemorrhagic and corrupted by stagnant inflammation ; 
but the right ovary was healthy. 

When the sternum was reinoved, signs of disease were found in the lungs. 

The heart was -sic +4 niuch fat was present in the pericardium. 

In the internal surface of the esophagus a ruptured abscess was found, of the size of a 
walnut; the which was civided ‘nto 2 parts, as though the layers were severed by the scalpel ; 
only the outer coat was lightly «dherent to this purulent slough. 

We saw that the 5th and 6t) vertebrae, where the abscess was, were eroded. 

The anterior part o° the eso»vhagus as well as the posterior aspect of the trachea and 
iung were also found to Le infected by the slough. 
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thorax.’’ He died ten hours later of esophageal rupture. Probably authentic 
cases were described by Guersent (1807)°® and Bouillaud (1823),'* and there 
seems little doubt of King’s (1843)* ease. 

The first ante-mortem diagnosis was made by Schoenlein and reported by 
Meyer (1858).% It is difficult to be sure who is entitled to credit for the first 
operative cure of this condition. Sencert (1911)'*° in France, Kiittner (1920)*° 
in Germany, Markowich and Svetoza (1932)% in Yugoslavia, and Barrett 
(1947)° in England are among the claimants. The first successful thoracotomy 
and pleural drainage in this country seems to have been performed by Over- 
holt’? of Boston in 1943. At present there are reports of 157 patients who 
were victims of this accident; 55 of these have been operated upon with 35 
survivals, 

Good early reviews of the subject inelude those of Fitz (1877),*° Me- 
Weeney (1900),°* Walker (1914),74' and Ridgway and Dunean (1957).'" 

In more recent times excellent articles have also appeared by Carter, Al- 
rich and Drash,?? by Barrett,®)}° by Flipse,*® by Ware, Shnider and Davis,'*” 
and by Mackler.** 


PATHOLOGY 


Although pre-existing esophagitis or stricture may predispose rupture, 
it is our belief that this accident can take place in the entirely healthy esopha- 
gus. 

Almost all of these tears have been in the distal portion and have been 
longitudinal. The eases of Boerhaave’? and Higginson and Clagett®® were 
transverse. The rent is usually situated on the posterolateral aspect of the 
supracardiae portion and varies from 1 to 8 em. in length. It is generally 
unique, and involves all walls of the esophagus; at times it extends to the 
stomach. Occasionally the complete rupture is accompanied by smaller ones 
which are confined to the mucosa or submucosa. Bleicher and Girard’? explain 
the site of the rupture by topographic-anatomie considerations. They point 
out that the esophagus is supported by resistant tissue extending between the 
vena cava and the azygos vein. Only on the left is the esophagus free to 
dilate and to rupture. These relationships are said, by Mandler,°° to have been 
clearly demonstrated at the Congrés de Bruxelles. Most of the ruptures 
which were obtained by our in situ experiments also took place at this locale, 
whereas in our experiments with isolated animal esophagi there was no pre- 
ferred area of splitting. 

Because of the often expressed view that the lower one-third of the 
esophagus ruptures due to acid reflux or peptie digestion, it is of interest to 
refer to several cases in which these factors could not possibly operate. The 
most eonvineing of these concerned a somewhat implausible accident. In 
ways best known to small boys, a lad of 3 years succeeded in biting through 
the inner tube of a tractor tire, thereby suddenly releasing air into his mouth. 
There followed a loud report, erying and coughing, and swelling immediately 
of the neck and shoulders. By good chance the attentions of Kerr, Sloan, and 
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O’Brien™* permitted the story to have a happy ending. Of concern to us is 
the presence of the longitudinal tear in the posterior lower one-third of the 
esophagus about 2 to 3 inches above the cardia. 

Petrén’s'’° patient, a 27-year-old man, was using a rubber air hose to clean 
his work in a wagon factory. He had placed the bentover tube in his mouth 
and grasped it between his teeth. He stumbled and the end went into his 
mouth 2 to 3 em., thereby releasing 7 atmospheres of air pressure. He felt im- 
mediate dyspnea and pain in the chest. The split in this case also involved the 
lower posterolateral wall of the esophagus. Finally, Herrmann® reported the 
ease of a strong powerful 18-year-old man who had the ill luck to have his 
mouth open at the time a bellows filled with oxygen exploded in his face. On 
esophagoseopy it could be seen that there was a tear in the esophagus starting 
in the hypopharynx and extending 20 em. Shortly above the cardia there was 
a further rupture 4 to 5 em. long. Herrmann referred to others he had seen 
resulting from heavy air bombardments in World War IT. 

Russell'** has recently reported a successfully treated patient whose vomit- 
ing caused rupture of the previously healthy cervical portion of the esophagus. 
This is an additional observation against the need for pre-existing esophagitis 
in order for rupture to occur. 

Once the bursting has taken place, the gastric contents are permitted to 
enter the mediastinum causing the characteristic severe pain, as well as a more 
or less rapid compression of the mediastinum. The superior mediastinal syn- 
drome may develop but is not classic; an increasing mediastinal emphysema 
which tends to exteriorize in the neck is an invariable component. The air 
comes from the stomach, or from aerophagia incident to subsequent attempts 
at vomiting or from swallowing medication or alimentation. A serosanguinous 
pleural effusion may follow. Under the combined effects of pressure and di- 
gestion by the gastric juice, one or both mediastinal pleurae perforate and 
the mediastinum empties partially, producing hydrothorax or hydropneumo- 
thorax with pulmonary collapse. There may be added an acute mediastinal 
displacement caused by the pneumothorax. Even if the opposite pleura is 
intact sooner or later there will be a reactive pleural effusion. The changes 
produce the clinical symptoms. Additionally, infection and shock contribute 
to the extraordinary semeiologic richness. The microscopic anatomy of the 
rupture site is described herewith by Dr. Charles Dunlap, Professor of Pathol- 
ogy at the Tulane University School of Medicine. 

In the first ease (A50-891C), which includes three representative sections, 
there is diffuse superficial necrosis of the lining of the esophagus, and a loss of 
epithelium. The necrosis involves the mucosa, and, to a lesser extent, most of 
the submucosa. There is minimal inflammatory reaction, and the necrotic tis- 
sue has a brick-red ‘‘cooked’’ appearance suggesting peptie ulceration. At 
one end of the section, presumably representing the site of the rupture, the 
necrosis extends deeply into the muscularis, almost to the serosa, and is here 
accompanied by an inflammatory infiltrate composed largely of lymphocytes 
and macrophages. Some hemorrhage is present. Some muscle bundles are 
represented by degenerated fibers separated by connective tissue, suggestive 
of a process of at least several weeks’ duration. The muscle wall in general 
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shows no prominent evidences of edema but scattered lymphocytes are present, 
particularly in association with the myenteric plexus. The serosa shows vary- 
ing degrees of necrosis with several regions of polymorphonuclear leukocytic 
infiltration and other regions of noninflammatory necrosis. 

The second case (A50-602) includes two representative sections. Here 
may be seen diffuse superficial ulceration with loss of all epithelial lining cells. 
The innermost layer of the esophagus, apparent in the sections, is made up 
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Fig. 3.—(For legend see preceding page). 


of connective tissue infiltrated with large numbers of plasma cells and lympho- 
cytes with occasional polymorphonuclear leukocytes. The submucosa and 
muscular layers are edematous and contain scattered inflammatory cells. The 
serosa and adjacent mediastinal connective tissue contain a heavy infiltrate 
of polymorphonuclear leukocytes, lymphocytes, and oceasional plasma cells. 

A condition which seems closely related to postemetie rupture was re- 
ported by Mallory and Weiss*® in 1929, although essentially the same entity 
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was deseribed by Quincke'’® fifty years earlier. Mallory and Weiss observed 
15 patients who developed massive gastric hemorrhage after alcoholic de- 
bauches. Fissure-like longitudinal lesions of the mucosa, 3 to 20 mm. long and 
2 to 3 mm. deep, were found in 4 of these patients. These lesions were arranged 
around the cardia. In 3 cases they were limited to the cardia, and in the 
fourth they extended into the stomach. 

There has quite recently appeared a study of 11 more instances of the 
Mallory-Weiss syndrome by Decker, Zameheck and Mallory.*® In these cases, 
most of the lesions involved the distal end of the esophagus and the proximal 
portion of the stomach, the lesion being nearly bisected by the cardioesophag- 
eal junction. 

Vomiting may also produce mucosal splitting which leads, in the healing 
process, to esophageal stricture.** 


EXPERIMENTAL RUPTURE 


Experimental rupture of the esophagus has been done previously.** “7 °° °° 1° 


There is, however, no record of rupture of the esophagus in situ in fresh ea- 
davers which would more nearly simulate ante-mortem conditions. These con- 
ditions must be approximated as closely as possible in order to obtain accurate 
measurements of rupturing pressures, of locations, and of types of tears thus 
produced. The normal anatomy was left intact, in so far as possible, except 
for the openings made in the neck and anterior abdominal wall below the level 
of the diaphragm. 

Since this procedure was not feasible on the various animals themselves, 
their isolated esophagi were used. 

Table I lists relevant data on the 10 individuals whose corpses were used 
in these experiments. 

The bodies used were carefully examined, as soon after death as possible, 
for evidence of external lesions and trauma. A Y-shaped incision was then 
made to a level approximately 2 em. superior to the umbilicus. The esophagus 
and trachea were dissected free at the level of the origin of the esophagus with 
as little disruption of the normal anatomy as possible. The thoracic cage was 
left intact. The esophagus was cut across at its cephalad end and separated 
from the trachea for approximately 3 to 4 em. Copper tubing with 1 em. 
lumen diameter, leading from the compressed air source via the pressure 
gauge, was then introduced into the freed open end of the esophagus for a dis- 
tance of 2 to 3 em. and firmly secured in place with binding cord. A No. 14 
I'v, catheter adapter was used in all esophagi of less than 1 em. diameter. The 
stomach was closed off by two apposed Ochsner clamps which completely oc- 
cluded the lumen of the cardia, approximately 2 to 3 em. distal to the inferior 
surface of the diaphragm. The skin edges from the Y-incision of the body 
were then approximated. 

With the esophagus thus closed off, the compressed air release valve was 
rapidly opened, and the bursting pressure of the esophagus read. We used 
a modified Marsh Distiller Discharge 100 Pound Pressure Gauge, Type 1,* 


*Manufactured by the James P. Marsh Corporation, Chicago, II. 
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having primary graduations of 1 pound, and numerals at 10-pound increments 
Readings may be made to 0.1 pound of pressure. This gauge has a cast bras 
ease, with a glass crystal, and 0.25 inch normal pressure and temperature mal 
bottom connections. A second hand was added to the dial, which was adjuste 
to remain in place at the point of maximum pressure attained, which was take: 
as the bursting pressure. The gauge was then recalibrated and corrected 
prior to its use by us. A Marsh recalibrator was available as needed. 

A compressed air pump, delivering sustained pressures up to 50 pounds, 
was obtained, and malleable copper tubing with a 1 em. diameter lumen was 
designed as the air conduit. A small elevated copper neck, 1.5 em from the 
end of the copper tubing, facilitated our binding the esophagus over the tub- 
ing securely. Care was taken in the process not to traumatize unduly esophag- 
eal tissues. After the rupture both pleural coverings were carefully searched 
for tears, and any pleural fluid present was noted. The esophageal anatomy 
was observed, in situ, with careful attention being paid to the length and loea- 
tion of ruptures obtained. 


TABLE II. CALF (BEEF) ESOPHAGI 








AVERAGE > 








ESOPHAGUS ESOPHAGUS POUNDS OF 
CALF LENGTH (IN BREADTH (IN | PRESSURE REQUIRED 
NUMBER CENTIMETERS ) CENTIMETERS ) FOR RUPTURE REMARKS 

1 26.0 2.0 19.0 

2 25.0 2.0 20.2 

3 30.0 2.0 15.3 A loud sharp report, ap 
4 29.0 2.5 18.4 proximately of the 

5 27.0 1.5 13.5 loudness produced by 
6 22.0 2.0 11.0 firing a 30-30 rifle, 

7 28.0 2.0 15.8 was obtained with each 
8 17.0 1.5 13.3 rupture 

9 25.0 1.5 12.4 
10 25.0 2.0 19.1 


All calves examined were healthy, Grade ‘‘A.’’ U. S. Government inspected and approved, 
varying in age from 2-month-old sucklings to near adulthood. Three hours elapsed between 
the actual slaughtering and examination by us. All esophagi were kept packed in ice, in closed 
containers, until time of examination. 


Feeling that our studies would be incomplete without at least a cursory 
examination of esophagi of other species, we decided upon beef cattle (calves, 
cows, and bulls), and hogs. So, with the full support and cooperation of the 
local abattoir, fresh specimens were obtained and examined. All animals were 
healthy, grade ‘‘A,’’ U. S. Government inspected and approved. Thirty-five 
calves, varying in age from 2-month-old sucklings to near adulthood, were 
examined by us on the abattoir floor just after slaughtering, and from this 
group 10 esophagi were selected for study. Forty adult bulls and cows were 
examined, and 9 esophagi were selected from this group for study. Sixteen 
adult hogs were examined, and 10 of their esophagi were selected for study. 
The criteria for discarding the above animal esophagi were inadvertent lacera- 
tions of the esophagus by the slaughterer’s knife, or any other defect which 
could lead to faulty information regarding their bursting points. No animal 
esophagi were examined in situ; however, the experiment was performed, 
otherwise, exactly as described above for human esophagi. 

Tables IT, III, and IV give results obtained in all esophagi. 
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TABLE IIIT. ApbuLT Cow AND BULL (BEEF) ESOPHAGI 











AVERAGE POUNDS 
ESOPHAGUS ESOPHAGUS OF PRESSURE 
ANIMAL LENGTH (IN BREADTH (IN REQUIRED FOR 
NUMBER CENTIMETERS ) CENTIMETERS ) RUPTURE REMARKS 
1 71.0 3.5 14.5 
2 68.0 4.0 16.0 A loud sharp report, ap- 
3 74.0 3.5 11.3 proximately of the 
4 62.0 3.0 13.0 loudness produced by 
5 70.0 2.5 13.0 firing a 30-30 rifle, 
6 71.0 4.0 18.3 was obtained with each 
7 62.0 3.5 14.0 rupture 
8 68.0 2.5 14.5 a" 
9 60.0 3.0 12.3 | 





All cows and bulls examined were healthy, Grade ‘‘A,’’ U. S. Government inspected and 
approved. Three hours elapsed between the actual slaughtering and examination by us. All 
esophagi were kept packed in ice, in closed containers, until time of examination. 


TABLE IV. ADULT Hoc ESOPHAGI 














if 
AVERAGE POUNDS r 
ESOPHAGUS ESOPHAGUS OF PRESSURE 
HOG LENGTH (IN BREADTH (IN REQUIRED FOR ; 
NUMBER CENTIMETERS ) CENTIMETERS ) RUPTURE REMARKS 
1 25.0 1.5 11.0 ° 
2 26.0 1.5 14.2 » 
3 23.0 1.0 24.0 A loud sharp report, ap- = 
4 23.0 1.5 27.8 proximately of the i 
5 25.0 2.0 33.8 loudness produced by 
6 21.0 1.0 27.8 firing a 30-30 rifle, ‘a 
7 20.0 1.0 39.6 was obtained with each 
8 23.0 1.0 35.8 rupture 
9 24.0 1.3 43.0 
10 23.5 1.2 46.3 





All hogs examined were healthy. Grade ‘‘A.’’ U. S. Government inspected and approved. 
Five hours elapsed hetween the actual slaughtering and examination by us. All esophagi were 
kept packed in ice, in closed containers, until time of examination. 














TABLE V. POUNDS PRESSURE AT RUPTURE OF 24 CONDOMS USING VARYING 
TIMES AND PRESSURES “ 
POUNDS PRESSURE AT RUPTURE | | MINUTES | SECONDS 
0.3 0 5 
0.2 0 10 
0.2 0 5 
2.0 0 5 
~t 0.2 0 10 
= 0.2 0 10 
S 0.3 0 10 
o 0.8 0 5 
0.2 0 5 
0.2 0 8 
0.3 0) 8 
0.3 0 8 
0.1 2 30 
0.1 3 0 
0.1 0 45 
0.2 0 20 
mY 0.1 ] 5 
= 0.1 ] 30 
g 0.2 2 10 
< 0.3 2 6 
0.2 2 5 
0.8 1 20 
<0.1 (not recorded) 30 15 
<0.1 (not recorded) 16 31 
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Since a controlled experiment was needed, whereby material of uniform 
size and test strength could be utilized to obtain bursting pressures, it was de- 
cided that rubber condoms would best meet these requirements. Therefore, 
twenty-four factory-sealed rubber condoms* were individually secured to our 
compressed air pressure gauge equipment in the same manner as described 
previously for the rupturing of esophagi, and burst at varying pressures, and 
at varying time intervals. 

The results may be seen in Table V. 

It is noteworthy perhaps that a small pressure may cause rupture, if long 
enough continued. Of considerable interest in this regard is the followine case 
report, quoted in toto from Pierre Duvalt : 

Je crois que le facteur dominant dans la perforation est plus la brusquerie 
de introduction de l’air que le degré de pression, ainsi que l’a dit Quénu, il y a 
longtemps. 

J’ai observé, pendant la guerre, un soldat étranger qui présentait une 
dilatation abdominale énorme, distension gazeuse du gros intestin ainsi que |’a 
montré la radiographie. 

L’homme présentait le tableau clinique d’un mégacdélon total, et c’est le 

diagnostic qui fut fait. 

Lorsque le malade arriva & la salle d’opération, l’abdomen était presque 
plat. La laparotomie ne montra aucune lésion ou malformation des célons. 

L’enquéte que je fis par la suite me dévoila que cet homme était un simula- 
teur qui avee sa pompe de bicyclette s’insufflait le gros intestin par |’anus. 

Dans ce cas la pression intra-colique était assez élevée et il n’y eut pas de 
rupture paree que l’air était introduit progressivement sous le contréle régulateur 


de la souffranee.t 
MECHANISM OF RUPTURE 


In the majority of the reported instances, ruptures have followed exces- 
sive pressures induced in the esophagus by retching or vomiting. In general, 
according to Quigley,’’> such excessive pressures develop in the digestive tract 
when (1) too great a quantity of material is introduced, (2) inadequate pro- 
pulsion fails to distribute or expel the contents, or (3) an obstruction prevents 
adequate propulsion. Such an obstruction may result particularly in those 
tragic examples in which food particles have been trapped in esophageal stric- 
tures. Obstruction may also result after repeated vomiting, especially if this 
occurs under alcoholic befuddlement. Under these circumstances the complex 
act may be deranged sufficiently for spasm to occur along the course of the 
esophagus with disastrous consequences. 





*Manufactured by the National Hygiene Products Corporation, New York, N. Y. 

+Bull. et mém. soc. chir. 47: 450, 1921. 

tI believe that the determining factor in the perforation is the abruptness of the in- 
troduction of the air rather than the degree of pressure. as Quénu stated a long time ago. 

IT have observed during the war a foreign soldier who presented an enormous abdominal 
dilatation, a gaseous distention of the large intestine as demonstrated by radiography. 

The man presented the clinical picture of a total megacolon and this is the diagnosis 
which was made. 

When the patient arrived at the operating room, the abdomen was almost 
laparotomy did not show any lesion or malformation of the colon. 

The inquiry which I made afterward demonstrated that this man was a 
had insufflated his large intestine, introducing his bicycle pump through the anus. 

In this case the intracolic pressure was quite elevated and there was no rupture because 
the air was introduced progressively under the regulating control of pain, 


flat. The 


malingerer who 
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The esophagus may also rupture from muscular effort unrelated to vomit- 
ing. After an enormous meal the patient of Klein and Grossman‘* had a 
erand mal seizure followed by agonizing pain and shock. On making a strong 
museular effort in lifting a carriage the patient of Rolleston'?' experienced 
ereat pain in the abdomen. During a coughing paroxysm there was a sudden, 
severe, sharp pain in the lower posterior chest bilaterally in a patient de- 
scribed by Kraeft and Hughes.*® Moreover, at times distention alone seems 
capable of inducing the rupture: ‘‘ After a liberal amount of beer, whiskey 
and free lunch,’’ Potter’s'!® patient was suddenly attacked with a sharp pain 
in the precordium. Ridgway and Dunean''* described a patient who had eaten 
large helpings of spaghetti and drunk many glasses of wine and beer. His 
illness began with a sudden exeruciating precordial pain radiating to the left 


side and to the back. 


. 


_ 
an 
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Fig. 6.—Gross specimen showing longitudinal tears after attempted control of bleeding eso- 
phageal varices by Sengstaken tube (Charity Hospital A53-451). 

Two ease reports have described complete transverse tear of the esophagus. 
In all other patients who have come to autopsy or surgery; in the patient 
whose esophagus was ruptured by the Sengstaken tube; in all previous experi- 
mental work on this topic; and in the experiments recounted in the present 
paper, the rents were invariably longitudinal, never transverse or oblique. 
The constaney of this cleavage plane demands an explanation. In the follow- 
ing paragraphs an attempt is made to clarify this point. 

If one considers the esophagus to be of constant cross section, composed 
of homogeneous material, and subjected to uniform internal pressure immedi- 
ately prior to rupture, the problem may be studied by the methods of strue- 
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In the study of rupturing forces applied to thin-walled cylin 


tural analysis. 
The first of 


ders, engineers recognize tangential and longitudinal stresses. 
these is so called because it acts in such a way as to be tangent to the eylinde: 


and if a rupture takes place under the influence of such a stress the cleavage: 
line will parallel the axis of the cylinder. The longitudinal stress acts paralle! 
to the long axis of the cylinder; tearing under such a stress produces defects 


at right angles to the long axis. 
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Fig. 7.—Tangential stress. 
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Fig. 8.—Longitudinal stress. 


Fig. 9. 


At the moment of ejection of vomitus, the esophagus is subjected to a 
This pressure is transmitted uniformly and acts normally to the 


pressure p. 
Force equals the pressure intensity p multiplied by the area 


mueosa (Fig. 9), 
over which it acts. A free body diagram of the lower half of the cylinder facili- 
tates our computations and is valid because, as noted, hydrostatic forces are 
transmitted equally in all directions (Fig. 10). The elemental force acting 
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perpendicularly to an element of the esophagus is pdA which is equal to ply 


dé (Fig. 11). The bursting force is the summation of the horizontal and verti- 





eal components of these elementary forces: 
P D ) ‘ 
FV as S. p L - sind dé + sr p L 3 cosé dé = ae [— ecosé + sind |” =p LD. 
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Fig. 10.—Free body diagram of esophagus: (f—force, p—pressure, /—length, d—diameter, 
t—wall thickness). 


Pp | Pt 














Fig. 11.—Pressure-force relationship at either end of Fig. 10. 
a) * > . . + . . 
Stress is defined as total pressure applied, divided by the area of application 


’ P . i , : ' 

(S = x ). The tangential stress (S;) is applied to the thickness of either wall 

of the esophagus at P multiplied by the length (lL) of the esophagus subjected 
pbDI pD 


to the stress. Thus we obtain S; = HL ~~ ot" 
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For longitudinal stress to be developed the ends of the tube would havi 
to be occluded; the distal closure could be at the cardia or pylorus, and the 
proximal one would be either at a stricture or at a zone of circular musel 
spasm. It is well known that there is no longitudinal stress (outside of dif 
ferential function forees) developed in a pipe in which water is flowing unde: 
pressure, but there is longitudinal stress in the sides of a cylindrical barrei 
containing a fluid under pressure. 

The longitudinal stress, S,, may be obtained by considering, as before, 
that the bursting force acts over the appropriate area, here the area of a trans. 
verse section of the esophagus. The area of a transverse section is the wall 





thickness multiplied by the mean circumference or z (D + t)t (Fig. 12). If 
t is small relative to D, as it is in the distended esophagus, this is approximated 


a ; . D — 
closely by zDt. Since the area of a circle is tR*? and r = — we obtain for 
x D? p , ; : . Dp 
the force the value of 7 which is equal to z DtS;. Henee, S; 7 and 


. . . , ; 
S: is equal to > St If the pressure in the esophagus is raised to the bursting 


point, failure will occur along a longitudinal section unless the strength of 
the girth of the esophagus is twice as great as that of the length. 

An oblique force might, a priori, be expected to have a magnitude inter- 
mediate between that of the longitudinal and transverse forces. Analysis is 
facilitated by introducing three-dimensional coordinate axes into the esopha- 
gus. In such a system the esophagus may be represented by F(x, y) =o. In 
other words, since z is not specified it is the equation of a cireular cylinder 
whose axis lies along the z axis. The intersects of a family of planes about 
the y axis with the esophagus will be a family of ellipses whose envelope is 
the esophagus (Fig. 13). Under this circumstance the minor axes of the 
successive ellipses will remain constant; the major axes will increase as the 
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dihedral angle 6 between the eutting plane and the xy plane increases. As 
in the two previous stresses, the oblique stress S, would be equal to p Ct 


where A is the area of the ellipse, C the mean circumference, and t the wall 
thickness. The area of an ellipse is given by zab, a and b being the semi- 
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Fig. 13.—Successive ellipses generated by rotation of cutting plane. See text. 








Fig. 14.—Ellipse: (a—semimajor axis, b—semiminor axis). 
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major and semiminor axes, respectively. There is no simple formula for the 
circumference of an ellipse; recourse must be made to elliptic integrals. The 


ee 
formula then is: circumference = 4aE, where E = J,2\/1— K® sin’ gdy, K = 


VA? - B , and a and b being semimajor and semiminor axes as before. Thus 
7rABp aBp a s, = . aie P ‘ 

So = F — P Since it is not intuitively obvious that this stress will 
4Ath 4tk 





increase with increase of the semimajor axes these values were computed 
starting with a = b = 12.5 mm.; in other words, the condition in which the 
esophagus is 25 mm. in diameter and is cut by the xy plane itself. It is true 
that almost all spontaneous ruptures have oceurred in the lower third; the 
analysis was carried to the maximum possible major axis, and beyond. 


) 


It was assumed that the wall thickness of the esophagus is 3 millimeters. 





95 

If so then: St = pa — a p = 4.166..p 
2t 6 
pd 25 


= 2.083..p 


Reference to Table VI will show that S, takes an identical value to S. when 


a — b. Thereafter these values approach but do not ever equal &; and 
, : , 4 
oblique forces would have to be approximately BY greater than tangential to 


2 
permit rupture or the esophagus would have to be oniy z as strong in the 
oblique plane(s). In the absence of local weakening factors, these con- 
tingencies are unlikely or impossible. 

After this analysis was prepared it was submitted to Dr. Lee Johnson, 
Dean of the College of Engineering of Tulane University, for criticism. He 
offered the following alternate analysis which again illustrates that longi- 
tudinal splints should occur when the esophagus is subjected to bursting forces. 











TABLE VI. OBLIQUE STRESSES OBTAINED BY PASSING PLANE AT ANGLES INDICATED 
@ |cos@| a | B | K | Sintk | E | 4tE TB So 
0° 1 12.5 12.5 0 0° 1.5708 18.8496 39.2699 2.0833 
5° .99619 12.55 12.5 .08916 oS oe 1.5677 18.8124 39.2699 2.0874 
10° .98481 1269 12.5 1719 9° 54’ 1.5591 18.7092 39.2699 2.0989 
15° .96593 12.94 12.5 .2585 14° 59’ 1.5443 18.5316 39.2699 2.1191 
30° .86603 14.43 12.5 .4989 29° 56’ 1.4679 17.6148 39.2699 2.2298 
45° .70711 17.68 12.5 -7072 45° 0’ 1.3506 16.2072 39.2699 2.4256 
60° .5000 25.0 12.5 .8660 60° 0’ 1.2111 14.5332 39.2699 2.7021 
75° .25882 48.29 12.5 .9656 74° 56’ 1.0769 12.9228 39.2699 3.0388 
75° 30’ = .25088 50.0 12.5 .9682 75° 31’ 1.0764 12.9168 39.2699 3.0402 
82° 48’ .1250 100.0 12.5 9921 82° 48’ 1.023 12.276 39.2699 3.1989 
87° 8’ 0500 250.0 12.5 .9987 si” 6 1.0053 12.0636 39.2699 3.2001 
88° 6° .0332 375.0 12.5 .9994 a” 6S 1.0025 12.0300 39.2699 3.2642 
88° 34’ .0250 500.0 12.5 .9997 88° 33’ 1.0018 12.0216 39.2699 3.2666 
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Let the cutting plane define the ellipse shown in Fig. 15. 
stresses will occur at the major and minor axes. 
ential elements of the wall (prisms 1 and 2) be taken out. 
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PRISM 1 


Wig. 16.—Differential elements enlarged from Fig. 15: 
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At these points let differ- 
They are shown en- 
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PRISM 2 


(St 





tangential stress, S:—longitudinal 


stress, S;s—stress on cutting plane, p—pressure, a, b, c—dimensions of prism). 
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larged in Fig. 16. Pure hoop tension in the thin walls of the cylinder ani 
pure longitudinal tension are assumed. Then, let Sg, — tensile stress on thi 
diagonal plane of prism 3 (Kig. 17). 

















“ST PRISM 3 





Fig. 17.—Prism 3. See text. 


) , 
S: be cos 6 —- P be sin 6 


— 


P sin @ eos 6 





5a = = S, cos’ @ - ———; 
be 2 
cos @ 
--SA< 8 
S@, = tensile stress on diagonal plane in prism 2 


S: be cos @ + S; ab sin 6 ' ; 
—_ = = — = 8, cos? 6 + S; siné cosé tand 

















be 
cos @ 
g 
‘ “t 
Ss = 5 
’ . cos”? ¢@ , , ,cos? 6 oo 
Séz2 = St (—G + siné cosé tan?) — S (—>— + sin? 6) 
4 + sin? 6 
al 2 
Now sin? 6 = 3 — 4 cos 2 6 
Se, = Se (4 + 4 [4 - 4 cos 20]) = 
» & 9 . & 
cos 26 3 — eos 20 a ' 
S (¢+43-S) = 8, (==). 86. < §, 


? 


In the general case the prism element of the wall would be prism 3 (Fig. 17 
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S, be cosé cos g + St yb siné sin ¢ = sin@ sing 


= 





Then S@¢e = 7 


cosé cos¢ 
9 6 ’ bed . P . . 
= §; cos?é cos’g + St Y sind cosé sing cose — 377 siné cos@ sing cos¢g 
¢ 2be 























g ce? b? o Yy ex b Pyexb 
= 1 = Sa i oe ee ee =_ ) a 
z? w? ezzww 2bezzww 
R e*h? . y?xb ; 2 
— lleaale wt © atest 
ZW Z?W 2 2?w 
R e?b? R y’xb P yx 
ac » =i > 2 t . 9 9 9 cir “ed 9 9 ‘ 
(c? + y”) (b? + x?) (ce? + y?) (b? + x?) 2 («? + y?) (b? + x?) 


lor any x and y: 





c*b? : < 1. and —_ i Zz: 
ra r ¥] 


/\ 
pank 


, x 
and since x < b. xb < b*. then rer 3 
y+ x 


Pad) See — Sik, + S.k2 = Pk, 
k, + Se ke) < Se 





bs| 


Since S; = - if k, and ks are such that ( 
Then, regardless of the tensionin P Sé@g¢ < S 


eb? + 2xby? 
2 (ce? + y?) (b? + x?) ~ 


S ~ ee K, + 2ke oe 
(> k, + Sk.) < S; 11 ae ane <i ] mn il 





wel e?b? + 2xby? 
or if eer —————————— < | 
2c?b? + 2b?y? + 2e?x? + 2x?y’ 





Now e?b? < 2e2b?, and (1) if a < b, then x < b, 2xby? < 2b*y° 
.. numerator < denominator 
or (2) if a > b, then x > b, 2xby? < 2x’y’ 
.. numerator < denominator 
2 Sé¢ <8 
In summary, mechanical factors incident to increased internal pressures 


compel the esophagus to tear in a vertical plane. 


(To be concluded in the following issue. The references will appear at the end of the article.) 








Editorial 





Cholecystectomy Controversies 


ROGRESS in surgery has been so rapid and so great in recent years that 

some of the well-tried methods, found to influence the safety of some of the 
common surgical procedures, have been lost. This is certainly true in 
cholecystectomy. Although we find reports of large series of cases with very 
satisfactorily low mortality rates, we are sure that the irreducible minimum 
throughout the country has not been reached. This opinion is based on the 
number of injuries of the common bile duct that still appear in large clinics 
for repair. No effort has ever been made to estimate the number of patients 
who succumb to this catastrophe or to the ligation of the right hepatic artery. 
It is, in fact, doubtful if the incidence of these unnecessary deaths could ever 
be accurately assessed unless routine post-mortem examinations became a 
universal practice by law or education. 

Not only are these gross errors in technique known, but one is aware of 
many prolonged convalescences often resulting in necessary secondary proce- 
dures. Wherein does the fault lie? One might answer this question on the 
basis of improper training, inexperience, poor anesthesia, inadequate exposure, 
and speed. On the other hand, well-trained, experienced surgeons meet with 
technical difficulties and must, at times, resort to reserve methods to avoid 
satastrophes. 

One of the most common errors results from the widespread impression that 
every gall bladder, regardless of the degree of inflammation present, or the 
age and condition of the patient, should be primarily removed. Coller and 
others have often talked and written about the fallacy of such a thesis. The 
earlier the surgeons of this continent accept primary cholecystostomy under 
certain circumstances as a sound procedure, the lower will be the incidence 
of prolonged morbidity and mortality. A surgeon’s local reputation is en- 
haneed, and his insomnia is reduced, by a high recovery rate, even if he ocea- 
sionally takes two bites of the apple. 

The manner in which the gall bladder is removed may be said to be a 
matter of choice. This is certainly true in the majority of cases. <A careful 
bloodless dissection of the duct region can be made in most instances. Absolute 
identification of the structures can usually be obtained. That cholecystectomy 
from the ducts toward the fundus is usually a dryer and quicker procedure 
than the other way around, is admitted. Usually, with care, that portion of 
the capsule of Glisson attached to the posterior wall of the gall bladder can 
be satisfactorily saved. Often, however, one sees this part of the capsule lift 
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away from the liver when traction is placed on the divided cystic duct. This 
then creates a raw surface difficult to peritonealize. If the duodenum becomes 
adherent to this area, we are left with a patient with chronic and almost in- 
eurable dyspepsia. Also, in the midst of a beautiful dissection from below, a 
thin area in the posterior wall of the gall bladder may be penetrated, resulting 
in embarrassment to the operator, even if little ultimate harm is done to the 
patient, although I can recall one case of fatal peritonitis following this unex- 
pected spillage of bile. 

When there are unusual vascular adhesions over the lower end of the gall 
bladder and the duct region, one may spend an unnecessary amount of time 
clearing the dissection. Thus doubt arises as to the right hepatic artery which 
occasionally transverses the common bile duct anteriorly. Or the hepatic 
ducts may not be easily brought into view. Even in the so-called easy case, the 
common bile duct may be tented and have the appearance of the cystic duct. 
Actually, in some of the common duct repairs we have made in the presence of 
the original surgeon, we have been able to demonstrate this error; the lower 
end having been mistaken for the cystie duct, and the upper end for the cystic 
artery. 

Every young surgeon in training should be taught a rapidly disappearing 
method of removal of the gall bladder from the fundus to the ducts. If he 
learns this technique, he then can reverse his maneuvers when and if he meets 
with an obseure field. Several years ago the late Dr. A. M. Rowley of Hart- 
ford, Connecticut, brought to me a too close friend who needed cholecystectomy. 
It was a complicated situation and I chose to remove the gall bladder from 
above downward. It went fairly well, but he suggested at the time a tech- 
nique he had found helpful, namely, that of producing artificial edema of the 
gall-bladder wall with normal salt solution. I have used this technique with 
tremendous satisfaction over a period of many years and have often demon- 
strated the method in cases that could have been done in the so-called more 
anatomie manner.* The artificial edema produces a condition somewhat 
like that which one finds in certain stages of acute inflammation. The posterior 
covering of the gall bladder (extension of the capsule of Glisson) is adequately 
preserved so that it can be easily sutured over the raw surface of the liver. 
Since there is no concomitant vein with the cystic artery, the veins leading 
from the liver to the gall bladder are often ignored. These veins are a 
nuisance but can be more easily tied during the dissection from the fundus 
downward. Quite often accompanying some of these veins, small invisible bile 
duets are also secured. When the dissection has been carried as far as the 
ampulla of the gall bladder, the liver can then be retracted toward the right. 


This gives perfect exposure of the structures in the ductal region. 
—Arthur W. Allen. 





: *Allen, Arthur W.: The Surgical Management of the Usual Extrahepatic Biliary Lesion, 
Surgery 8: 188, 1950. 
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METHODS OF THERAPY IN DIVERTICULITIS 
CLAUDE E. WEtcH, M.D.,* aNp Grant V. Ropkey, M.D.,** Boston, Mass. 


(From the Massachusetts General Hospital and Harvard Medical School) 


ITE emergence of surgical therapy as the optimal treatment for an inereasing 

number of patients with diverticulitis of the colon has required a revision of 
previously accepted operative indications and techniques. Elaboration of the 
reasons accounting for this development, an actual increase in the number of 
cases and a lowered operative mortality, have been noted in many previous 
publications and need not be repeated here. In this description of the methods 
of surgical treatment, comment on these established facts will be withheld. In- 
stead, diverticulitis will be considered as it is encountered clinically, with em- 
phasis on the surgical procedures indicated for each of the common symptom 
complexes. 

The indications for operations on patients with diverticulitis may be 


grouped as follows: 


Diverticulitis per se, or Uncomplicated Diverticulitis—This implies a rela- 
tive absence of any of the severe complications of the disease. Obviously, it is a 
hard eategory to define strictly, since some measure of peridiverticulitis, abseess 
formation, or obstruction will be present in nearly every case. Therapy is 
dictated, however, not by the severity of these complications, but by repeated 
minor attacks of pain, local tenderness, flatulence, or diarrhea. 


Complications of Diverticulitis—Here, the presence of one or more of the 
severe complications demands specific treatment. They include perforation, ob- 
struction, and hemorrhage. 


Diverticulitis That Is Confused With Cancer.—In many instances, the clin- 
ical history, physical findings, or the x-ray will suggest that a lesion is cancer 
rather than diverticulitis. Usually one or more of the complications of the 
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disease are present as well. The important feature here is that these patients 
are considered to have a high probability of cancer until the specimen is re- 
moved and examined by the pathologist. 

Diverticulitis of the Cecum.—This is a special type of disease that warrants 
specific consideration. 

The various operative procedures that are used in the treatment of 
diverticulitis represent a judicious combination of resection and anastomosis, 
colostomy, ececostomy and exteriorization. It should not be assumed that all 
surgeons will agree on the exact indication for the employment of each of these 
operations. In this résumé the methods that have been found to be most satis- 
factory in the Massachusetts General Hospital are recommended. 


UNCOMPLICATED DIVERTICULITIS 

Uncomplicated diverticulitis now is the indication for operation in approxi- 
mately 30 per cent of our eases. Repeated attacks of the disease, symptoms ap- 
pearing before age 50, or the development of urinary symptoms during an acute 
exacerbation are reasons for inclusion in this group. Here the operative method 
of choice is a one-stage resection and anastomosis of the involved area of the 
colon. Preoperatively, sigmoidoscopy is carried out to ascertain that no addi- 
tional pathology is present and to estimate the amount of normally distensible 
distal colon that is present. The bowel is prepared by daily irrigations and by 
the administration of 8 Gm. of sulfathalidine daily for four or five days. The 
beneficial effects of bowel preparation by the addition of more potent antibiotics 
such as Neomycin have been stressed so frequently by Poth* and others that it 
may seem heretical to avoid their use. However, our experience with postopera- 
tive enterocolitis due to the staphylococcus has been so troublesome and the evi- 
dence so clear that it is more common after preparation with the more powerful 
broad-spectrum antibioties, that we rarely use them in these cases preoperatively, 
particularly since this complication has been most frequent after operations on 
the colon. 

The abdomen is opened through a generous left paramedian or lower oblique 
incision. When wide mobilization of the entire left colon and an anastomosis 
deep in the pelvis is expected, the paramedian is best. If the disease is sharply 
limited to the sigmoid and a less extensive resection is necessary, the oblique 
incision is good. 

The entire operative procedure is likely to be more difficult than a similar 
operation done for cancer. Inflammatory adhesions, particularly of the small 
intestine and ureter, may be troublesome. The resection is usually aided by 
the assurance that the lesion is diverticulitis, so that only a relatively small 
amount of mesentery need be excised. The dissection should be superficial to 
the plane of the inferior mesenteric and superior hemorrhoidal vessels, so that 
blood supply will be adequate at the line of resection. When cancer is sus- 
pected, the mesenteric resection must be much more radieal. 

The mobilization of the colon must be carried to a point where essentially 
normal bowel can be secured to use for the anastomosis. Characteristically, 
the wall of the colon is thicker, and the lumen narrower than it is in patients 
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with cancer. Furthermore, scattered diverticula may be observed in the 
proximal colon; no attempt is made to excise all of them, though the anas- 
tomosis should be avoided in an area involved by diverticula. In general terms, 
about 20 em. of colon should be resected. This frequently requires wide 
mobilization of the splenic flexure. After mobilization the bowel is divided 
with the cautery between Allen clamps that have been applied at an oblique 
angle. At this point the specimen should be opened and examined by the 
pathologist; if an unsuspected cancer is found, a more radical resection of 
colon or mesentery will be necessary. 

A meticulous two-layer anastomosis then is made, using an outer layer of 
interrupted Lembert sutures of cotton or silk, and an inner of interrupted 
3-0 catgut, tied with knots within the lumen. If the lumen of the upper seg- 
ment is very narrow, some increase in diameter may be secured by a short 
vertical incision on the antimesenterie border. Pateney of the new anastomosis 
is finally demonstrated by approximating the thumb and the index finger that 
are placed above and below it. At the conclusion the mesenterie rent is closed 
with a running catgut suture. 

Several precautions are necessary. Because the colon often has somewhat 
thickened and inflamed walls in addition to a narrow lumen, postoperative 
stricture is much more common at the line of anastomosis than it is after resec- 
tion for cancer. Aseptic anastomoses are likely to be unsatisfactory since a 
very small diaphragm and accurate hemostasis are necessary and are accom- 
plished more easily by the open technique. While running sutures may be used 
if the lumen of the bowel is wide, in most eases even a single running layer 
introduces an extra hazard of anastomotic stricture. If the anastomosis has 
been technically perfect, no further decompression of the gastrointestinal tract 
other than that provided by the Levin tube is necessary. But, if there is a 
hematoma near the suture line, any bleeding in the pelvis, or any question of 
integrity of circulation at the bowel wall, a complementary transverse colos- 
tomy is wise. 

Postoperatively the Levin tube is retained for three or four days until 
flatus is passed freely by rectum. 

The one-stage resection and anastomosis performed according to this 
technique can be expected to give a low mortality rate and satisfactory results 
in nearly all cases of relatively uncomplicated diverticulitis. The main prob- 
lem now is to judge how often it can be employed with safety. Many surgeons 
with wide experience are extending the indications for this type of operation. 
Others who earry out the operation less frequently, or who eneounter more 





_ Fig. 1.—-Technique of resection of sigmoid for diverticulitis. A, Incision. <A left lower 
Oblique incision is used for sharply localized diverticulitis in the sigmoid. A left paramedian 
is made when a more extensive resection is planned. B, The dotted line indicates the extent 
of the resection. Note that a relatively small amount of mesentery is excised, and superior 
tires vessels are not sacrificed. C, After mobilization, the colon is divided with the 
cautery. 

_ Fig. 2.—Technique of anastomosis of sigmoid. D, An open end-to-end two-layer anasto- 
mosis is made. Posterior outer layer of interrupted cotton sutures is in place. EF, The inner 
layer is made of interrupted 3-0 catgut. #F, Method of enlarging the circumference of the 
—. segment to match the lower. G, The anastomosis has been completed and the mesentery 
closed, 
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extensive disease than they expect, should be more conservative and remember 
that a three-stage operation, while much more tedious for the patient, is tech 
nically easier and safer. Sinee 1946, one-stage resections and anastomoses have 
been carried out in about 45 per cent of all patients who have had surgical pro. 
cedures for diverticulitis in the Massachusetts General Hospital. Judd and 
Mears’? report 68 single-stage resections in a total of 329 patients with diver- 
ticulitis treated by operation in the Mayo Clinic, though three-quarters of the 


one-stage resections were done in the past four vears. 
COMPLICATIONS OF DIVERTICULITIS 


Perforation.—The choice of operation varies widely depending upon the type 


of perforation. 








al | 
Fig. 3.—Right upper quadrant colostomy. This is preferred if an extensive area in the colo! 
is involved by diverticulitis. 
Small peridiverticular abscesses or encapsulated mesenteric abscesses cal 
usually be excised in toto together with the sigmoid and do not contraindicate 
a one-stage resection and anastomosis. 
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Larger abscesses which must be drained at the time of operation may in- 
volve contamination of the peritoneal cavity. They introduce an extra hazard 
and make immediate anastomosis unwise. Closure ot the perforation, local drain- 
age, and a defunctioning transverse colostomy are best. 

Perforation into the free peritoneal cavity will produce a general peritonitis. 
It must be admitted that many such patients will do well with a very minor pro- 
cedure such as closure of the perforation and drainage. However, such methods 
are insecure enough and later reeurrence of diverticular disease common enough 
to make a more extensive procedure necessary. An operation for perforation 
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. Fig. 4.—Left upper quadrant colostomy. This is preferred when only a short segment of 
sigmoid is involved by diverticulitis, or if there is a pathological gall bladder. Note that the 
transverse colon has been pulled well to the left. 


then should be considered to be the first of a series of staged procedures designed 
to eliminate the section of colon involved by the diverticulitis. The surgeon 
must carry out either closure of perforation and transverse colostomy, or an 
exteriorization resection of the involved segment. 

Our preference is for the first of these procedures. Those in favor of the 
latter observe that further leakage from the perforation into the peritoneal cavity 
is prevented, and the diverticulitis resected at the same time. On the other 
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hand, mobilization of the entire area involved by diverticulitis is notoriously 
difficult because of the shortened bowel, so that such an operation often turns into 
an exteriorization of the perforation and a partial resection of the area of 
diverticulitis, an invitation for future recurrence. On the other hand, large 
perforations are handled best by exteriorization as shown by experience with 
traumatic wounds of the colon. Here the primary object is to tide the patient 
over this emergency rather than to resect all the area involved by diverticulitis. 

















Fig. 5.—Method of colostomy. A, The omentum has been freed from the transverse 
colon, The colon is divided with a cautery. The mesentery will be divided along the dotted 
line. B, The two limbs of the colostomy are separated completely and abdominal wall closed 


between them. 


Hemorrhage.—While hemorrhage occurs in perhaps 15 per cent of all cases 
of diverticulitis, it fortunately is nearly always small in amount. Except for the 
fact that its repetitive occurrence is an indication for surgery, since an un- 
diagnosed polyp or cancer may be present, bleeding is rarely severe and there- 
fore a cause for an emergency operation. 
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Major hemorrhage was observed in 3 per cent of our patients who had 
resections for diverticulitis. We have preferred to treat these patients con- 
servatively during the acute episode, and operate on them as emergencies only 
when bleeding continues at a rapid rate despite replacement therapy. 

The reason for this method of treatment is that identification of the exact 
source of the hemorrhage is extremely difficult in these patients. In several 
instances in which we have observed massive hemorrhage, diverticulitis has 
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Fig. 6.—Treatment of perforated diverticulitis of sigmoid with abscess. 


Such localized 


abscesses usually subside after colostomy. In others local drainage is carried out through 


an incision lateral to the colon. 


been particularly widespread throughout the colon, compounding the difficulty 
of locating the exact source. Thus, one patient with extensive diverticulosis 
bled massively after a sigmoid resection and required a subtotal colectomy for 
cure, 

Nevertheless, location of the exact site of bleeding has been noted at the 
time of operation by several surgeons, so that conservative therapy need not 
be carried too far because of the fear that operation will be unsatisfactory or 
dangerous. Obviously if laparotomy is carried out the preferable operation 














APPRAISAL OF PROGRESS IN SURGICAL THERAPY Surgery 


April, 1956 





720 


will be a resection of the segment of colon involved by diverticulitis, with im- 
mediate anastomosis. Here, more than for any other indication, an attempt 


should be made to remove, if possible, all of the diverticula-bearing portion of 


the colon, since the exact source of the hemorrhage may be impossible to de- 
termine. 

Obstruction.—Obstruction of the colon from diverticulitis produces several 
different clinical syndromes. 

Acute, complete obstruction, in the absence of perforation, is uncommon. 
Consequently, when acute obstruction occurs, there usually is a palpable mass 
due to local perforation and abscess formation. A transverse colostomy should 
be made in the right upper quadrant. Presence of the mass nearly always 
arouses the suspicion of cancer, so that resection of the sigmoid should be 
planned after an interval of ten days to four weeks unless it resolves rapidly. 

Much more common is subacute obstruction in which episodes of short, 
but more acute, obstruction occur. They tend to subside rapidly on bed rest, 
sedation, and sulfathalidine. Consequently, such patients usually ean be pre- 
pared within a few days for a one-stage resection and anastomosis. A tech- 
nical problem encountered frequently in these groups is due to the fact that 
the proximal colon does not tend to dilate as it does with an obstructing cancer. 
Instead the lumen of the colon remains nearly normal in size, while the walls 
thicken, either from actual hypertrophy of the muscular coat, or edema. As 
a result, a particularly long segment of proximal colon may have to be excised 
to gain an optimal site for anastomosis. In the obstructed segment small intra- 
mesenteric abscesses are encountered not infrequently; they should be excised 
in toto with the sigmoid and its mesentery. 


CONFUSION WITH CANCER 


Diverticulitis may be confused with cancer because of its symptomatology, 
heeause of the radiologic picture, or at the time of operation when the exact 
diagnosis cannot be made until the resected colon is examined. The methods of 
differentiation in each of these instances have been described fully; here only a 
few important warnings will be listed. 

These warnings obviously would have no significance if all cases of 
diverticulitis as well as cancer were considered to be candidates for surgery. 
But, at present, when the majority of the cases of diverticulitis are treated con- 
servatively, a critical attitude must be taken by the surgeon or cancer will be 
overlooked. 

The diagnosis of cancer must be considered seriously when: (1) preopera- 
tively, there is daily repeated rectal bleeding, or a mixture of blood and mucus, 
(2) when actual tenesmus is noted, (3) when there is a palpable mass, (4) when 
either obstruction or perforation occurs, (5) when the x-ray is not absolutely 
typical of diverticulitis. A short segment of involved colon (even in the presence 
of diverticula), a suggestion of a shelf at either end of the lesion, or lack of 
improvement in the x-ray picture, on a short period of conservative therapy 
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should make the observer very suspicious of cancer, and (6) when a blood- 
stained rectal discharge or a palpable mass persists, or if the patient fails to 
improve after a completely defunctioning colostomy. 

In many instances the surgeon, therefore, will operate with an indefinite 
or inaccurate diagnosis. This exact frequency is hard to determine, but in our 
hospital, it is estimated that in approximately 25 per cent of patients with 
diverticulitis, the exact diagnosis is not entirely clear until the specimen is 
examined after the excised specimen has been opened. This indicates that the 
differential diagnosis is often very difficult for the surgeon even with the 
abdomen open. Consequently two corollary statements must be emphasized. 

In the first place, the surgeon should not attempt to establish the differen- 
tial diagnosis until he is prepared to resect the lesion. If his purpose is 
primarily to establish a colostomy for acute obstruction or perforation with 
abscess, any meddling with a palpable mass in the sigmoid niay be disastrous. 
The surgeon’s curiosity should be curbed until a later date when conditions 
are opportune for a radical resection. 

When resection is undertaken, the surgeon should avoid a mutilating 
operation unless it is proved to be necessary. Thus, when a lesion grossly can 
be diverticulitis, an abdominoperineal resection with permanent colostomy 
should not be done without establishing a diagnosis of cancer. It is our custom, 
when dealing with lesions that grossly appear to be diverticulitis, and in which 
there are no enlarged regional lymph nodes, to carry out a relatively conserva- 
tive resection, retaining the superior hemorrhoidal vessels. The removed 
specimen is examined immediately, and, if cancer is found, the appropriate 
resection is carried out. 

When a transverse colostomy has been established for an indeterminate 
lesion it is well to carry out the resection after a relatively short interval. A 
month is considered to be the upper limit of time, while ten to fourteen days 
is the more common interval. Obviously, a longer wait, averaging eight to 
twelve weeks, is not inappropriate if there has been prompt and striking im- 
provement after the colostomy. Lack of improvement, a continuing rectal 
(lischarge, or a persistent mass indicate a more rapid attack. 


DIVERTICULITIS OF OTHER SEGMENTS OF THE COLON 


The great predilection for diverticulitis to involve the sigmoid has been 
noted. This relatively narrow segment of colon with its sharp angulation and 
the presence of solid fecal matter make the sigmoid particularly vulnerable. In 
the Massachusetts General Hospital the sigmoid was the primary site of the 
lesion in slightly over 90 per cent of the resected cases. The remainder were 
scattered nearly equally among three groups: the cecum, the transverse and 
upper descending colon, and the intraperitoneal rectum. 

Treatment of diverticulitis in these other areas follows the rules laid down 
above, with the exception of that in the cecum. Tere different considerations 
occur. Ceeal diverticula are often solitary and contain all coats of the bowel 
Suggesting a congenital origin. The lesion is usually very close to the ileocecal 
valve and contains a fecalith in about half of the cases, In a thorough review 











722 APPRAISAL OF PROGRESS IN SURGICAL THERAPY ret te 
of the literature, Lauridsen and Ross* concluded that local excision was the 
therapy of choice, with a mortality of 1.6 per cent rather than resection with a 
mortality of 7.3 per cent. 

In addition it should be noted that many operations for cecal diverticulitis 
are done under the impression that the patient has acute appendicitis. Some of 
these patients are old, poor operative risks, or poorly prepared, so that the sur- 
geon may hesitate to open the bowel to excise the diverticulum. In the absence 
of perforation a conservative course may be followed with them, the colon may 
be returned to the peritoneal cavity and it is to be expected that the inflamma- 
tion will subside. If there are recurrent symptoms, excision or resection can 
then be effected at a more optimal time. 


TECHNICAL CONSIDERATIONS 


Resection and Anastomosis.—The details of this operation have been de- 
seribed above. 

Colostomy.—While a colostomy can be made in any of several ways, we 
have preferred a completely defunctioning type when it is done as a primary 
procedure preparatory to a later resection. It is placed as far away from the 
site of the diverticulitis as possible and still compatible with reasonably satis- 
factory control. Usually the right upper quadrant is preferred, though the left 
upper quadrant should be considered when diverticulitis is localized in the sig- 
moid, or when gall stones are known to be present. 

There has been insistence in many quarters for a colostomy immediately 
above the colonic lesion on the theory that, at the second stage, both colostomy 
and diverticulitis can be excised simultaneously. This method has certain ad- 
vantages that include the avoidance of a third-stage operation, and greater 
mobility of the colon at the time of the resection. On the other hand, the 
presence of the open colostomy automatically insures some contamination of the 
operating field, and does not secure a defunctioned colon for the most dangerous 
part of the operation, i.e., the resection and anastomosis of the sigmoid. In the 
few cases we have observed wound complications have been comparatively fre- 
quent and we have not been impressed by the procedure. 

Colostomy Closure.—Despite meticulous care, extensive edema persists about 
an anastomotic line for at least two to three weeks. Closure of the colostomy 
should await subsidence of this edema, and is usually done a month after the 
resection. Function is assured prior to closure by saline irrigations, and, if 
there is any question of the integrity of the anastomotic line, by barium studies. 
Any evidence of leakage of barium will indicate another month’s wait before 
repetition of the barium enema, and, if it is satisfactory, closure at that time. 

Cecostomy.—Cecostomy has no place as a first-stage operation in prepara- 
tion for resection. It has, however, one specific indication in surgery for 
diverticulitis. If, after resection and anastomosis of the sigmoid, stomal obstruc- 
tion oceurs from edema, a cecostomy of the modified Gibson type is indicated. 
Resolution of the obstruction with spontaneous closure of this temporary fistula 
may be expected. 
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OPERATIVE COMPLICATIONS 


While operative complications have been infrequent, they have nearly all 
been ascribable to the anastomotic line and usually have occurred after primary 
resection and anastomosis. It is our belief that practically all of these problems 
would have been avoided if more colostomies had been performed, either as the 
first of a three-stage operation, or as a protective measure, indicated because of 
a less than perfect anastomosis. 

An anastomotic leak may lead to death from general peritonitis, to an ab- 
dominal abscess that will require drainage and colostomy, or to refistulization 
after excision of a fistula. Any of these is at least a misfortune, and often a 
tragedy. The surgeon is not operating from cancer, and these patients should 
not succumb to technical complications. A temporary colostomy is a small price 
to pay for safety whenever the surgeon is in doubt as to the wisdom of a one- 
stage operation. 

RESULTS 


In 187 resections for diverticulitis in the Massachusetts General Hospital 
during the past thirteen years there were 5 deaths. Two were related directly 
to the operation with dehiscence of an anastomosis and peritonitis after one- 
stage resections. The others were due to coronary or pulmonary disease. In 
) eases secondary resections were required because of too conservative resec- 
tion with formation of a fistula soon after the first resection. Thereafter they, 
as well as all other patients who survived operation, have done uniformly 
well, and only in rare instances have there been any symptoms suggestive of 
inflammation of retained diverticula. 

At the present time routine subtotal colectomy or wide resection designed 
to remove every diverticulum visualized by roentgenogram do not appear to be 
justified. 

SUMMARY 


Proper surgical care of diverticulitis involves resection of the involved seg- 
ment of the colon except in the eeeum where a more conservative course may be 
followed. The technical details involved in the eare of the various svmptom- 
complexes of the disease have been discussed. While a wider use of the one- 
stage operation may be expected in the future, care must be taken in too wide 
an application of this method, particularly when severe complications are 
present, or if the patient is very ill. 


REFERENCES 


1. Allen, A. W., and Welch, C. E.: Cecostomy, Surg., Gynec. & Obst. 73: 549-552, 1941. 

2. Judd, E. S., Jr., and Mears, T. W.: Diverticulitis Progress Toward Wider Application 

of Single-Stage Resection, Arch. Surg. 70: 818-825, 1955. 

3. Lauridsen, J., and Ross, F. P.: Acute Diverticulitis of Cecum: Report of Four Cases 
and Review of One Hundred Fifty-three Surgical Cases, Arch. Surg. 64: 320-330, 
1952. 

4. Poth, E. J.: Intestinal Antisepsis, Am. J. Surg. 88: 803-806, 1954. 

». Speare, G. S.: Staphylococcus Pseudomembranous Enterocolitis, a Complication of 

. Antibiotic Therapy, Am. J. Surg. 88: 523-534, 1954. 

5. Welch, C. E., Allen, A. W., and Donaldson, G. A.: An Appraisal of Resection of the 
Colon for Diverticulitis of the Sigmoid, Ann. Surg. 138: 332-343, 1953. 








Calendar of Surgical Meetings 





THE AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 1-3, 1956, Camel 
Back Inn, Phoenix, Ariz. Secretary, Eben Alexander, Jr., M.D., Bowman Gray School 
of Medicine, Winston-Salem, N. C. 


AMERICAN ASSOCIATION OF GENITO-URINARY SURGEONS. Annual Meeting, June 4-6, 1956, 
Oyster Harbor Hotel, Osterville, Mass. Deadline for papers, Feb. 10, 1956. Secretary, 
John A. Taylor, M.D., 2 East 54th St., New York, N. Y. 


AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. Annual Meeting, Oct. 4-6, 1956, The 
Biltmore, Santa Barbara, Calif. Deadline for papers, July 1, 1956. Secretary, James 
K. Stack, M.D., 700 N. Michigan Ave., Chicago 11, Il. 


THE AMERICAN ASSOCIATION FOR THORACIC SuRGERY. Annual Meeting, May 7-9, 1956, Hotel 
Fontainebleau, Miami Beach, Fla. Secretary, Paul C. Samson, M.D., 3959 Happy 
Valley Rd., Lafayette, Calif. 


AMERICAN CANCER Society, Inc. Third National Cancer Conference, June 4-6, 1956, Sheraton 
Cadillac Hotel, Detroit, Mich. Coordinator, Brewster S. Miller, M.D., 521 West 57th 
St., New York 19, N. Y. 


AMERICAN COLLEGE OF SuRGEONS, Sectional Meeting, 1956: April 23-25, The Macdonald, 
Edmonton, Alberta. Clinical Congress, Oct. 8-12, Civic Auditorium, San Francisco, Calif. 
Secretary of the College, Michael L. Mason, M.D., 154 E. Erie St., Chicago 11, Il, 


THE AMERICAN GASTROSCOPIC SOCIETY. Annual Meeting, June 10 and 11, 1956, Knickerbocker 
Hotel, Chicago, Ill. Secretary, C. Wilmer Wirts, M.D., 1025 Walnut St., Philadelphia, Pa. 


THE AMERICAN GOITER ASSOCIATION. Annual Meeting, May 3-5, 1956, Drake Hotel, Chicago, 
Ill. Secretary, John C, McClintock, M.D., 149% Washington Ave., Albany, N. Y. 


AMERICAN GYNECOLOGICAL Society. Annual Meeting, May 21-23, 1956, The Shoreham, 
Washington, D. C. Secretary, John I. Brewer, M.D., 104 8. Michigan Avenue, Chicago, 
Tl. 


AMERICAN MEDICAL ASSOCIATION. Annual Meeting, June 11-15, 1956, headquarters, Navy 
Pier, Chicago, Ill. Clinical Session, Nov. 27-30, 1956, Civic Auditorium, Seattle, Wash. 
Deadline for papers, Aug. 1, 1956. Secretary, Council on Scientific Assembly, A. M. A., 
535 N. Dearborn St., Chicago 10, Ill. 


THE AMERICAN ORTHOPAEDIC ASSOCIATION. Annual Meeting, June 16-20, 1956, Banff Springs 
Hotel, Banff, Alberta. Secretary, George O. Eaton, M.D., 4 East Madison Ave., Balti- 
more, Md. 


THE AMERICAN SURGICAL ASSOCIATION. Annual Meeting, April 11-13, 1956, The Greenbrier, 
White Sulphur Springs, W. Va. Secretary, R. K. Gilchrist, M.D., 59 East Madison St., 
Chicago 3, Ill. 


AMERICAN UROLOGICAL ASSOCIATION. Annual Meeting, May 28-31, 1956, Statler Hotel, Boston, 
Mass. Secretary, Samuel L. Raines, M.D., 188 S. Bellevue Blvd., Memphis, Tenn. 


THE Harvey CusHine Society. Annual Meeting, April 16-18, 1956, Reef Hotel, Honolulu, 
Hawaii. Secretary, David L. Reeves, M.D., 316 West Junipero St., Santa Barbara, Calif. 


LATIN AMERICAN CHAPTER OF INTERNATIONAL SociETY or ANGIOLOGY. Third Meeting, Nov. 
8-11, 1956, Havana, Cuba. President, Armando Niifiez Niifiez, Calle 25 No, 510, Vedado, 
Havana, Cuba, 


New ENGLAND SureicaL Society. Annual Meeting, Oct. 5 and 6, 1956, Poland Springs 
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Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 

SociETY OF NEUROLOGICAL SuRGEONS. Annual Meeting, May 7 and 8, Memphis, Tenn. Secre- 

tary, Bronson S. Ray, 525 E. 68th St., New York, N. Y. 


THE SocrETy FOR VASCULAR SurGERY. Annual Meeting, June 10, 1956, The Conrad Hilton, 
Chicago, Ill. Deadline for papers, March 15, 1956. Secretary, Henry Swan, M.D., 
4200 E. 9th Ave., Denver, Colo. 

3oca Raton Club and 


SouTHERN SuRGICAL ASSOCIATION. Annual Meeting, Dec. 4-6, 1956, the 
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